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Dear She 

DECLARATION UNDER 37 CFR 91.132 

1, Steven Duchabaum, PhD., do hereby declare as follow. 

1. 1 received an MS. and VhJX in physics In 1990, and an MPXA. with a specialization 
to International Technology NfanaEement in 1997, from the Udvoaity of Catifbtnia, Sen Diego. 
I was a founding member and Director of the Office of Chemical, Diotogical, Radiological, 
Nuclear and Explosive Defense for the Department of Homeland Security's Advanced Research 
Projects Agency (HSARPA), created in 2003. Prior to joining HSARPA, I was a Program 



(DARPA) where 1 was responsible for the development ofi Woset^imd defense system* 
against biological weapons: technologies to counter use of underground fcolKtlea; and ofoer 
classified work. 

2 - nOBR (Triangulatlon Idetttfflcatior] for the Oenetic Evaluation of Rh*) La an 
embodiment of a method of amplification of nucleic acid ofabioagentwith a pair of primers that 
hybridize to michric add of a wide range of bioagents at sequences which flank a variable 
sequence, Measurement of tho molccnlar mass or base composition of the amplifioation product 
prtr^ineanstoraplcflyidci^^ 

foe identity of the bioagntt and without sequencing of the ampflflcation product I understand 

1 
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this declared is beir^ 

obvious in view of picviooaty existing technologJea. To my knowledge no oi» ever previously 
proposed or disclosed that combining broad range priming of nucleic acid of bioagenta with 
molecular mass measurements wemid bo successful b rapid and accurate kkntiflcation of 
bacterid and vird Woagenta, Tbu* the invention of the TTOf^ method produce* results that 
would be urKctperted by simply combining existing technology such as general broad range 
prfaning and mass spectrometry. 

3 . I was the original DARPA Pro gram Manager far D ABP A contract MDA972-00-C-0053 
thrungh which ftrods were granted via a subcontract to Ibis Therapeutics, a division of Ids 
Pharmaceuticals, for the provision of biosensors for broad-based Idcnrtf catkm of biowarfare 
agents and emerging infectious diseases in environmental and human clinical samples. A* a 
DARPA program manager, it was my responsibility to invest in "high risk, high reward"* 
concepts with a tolerance for failure. Ia tbep^cularcaseof thelsis woik,at the start of the 
project I felt that there waa very high risk that their novel concept of broad-range identification 
of bioagenta by molecular urns analysis, then in its infimcy stage, would meet with success. In 
feet, an carry internal review (funded by the DARPA director) carried out by JASON, fin elite 
independent senior sdearifto advisory 

government on matters of defense science and technology, concluded that it wast unlikely that 
development of the proposed methods would bo successful. The unexpected scccess of the 
methods developed under the project was snoh ihat 1 nominated Ibis Tner apeutlca fbr an award 
for beat performance under a DARPA contract 

4. I have been pleased to observe that over the last rive years, Ibis Therapeutics ho* been 
awarded substantial additional funding from other US, government agencies including the 
Department of Defense The Center for Disease Control, the National Institutes of Health, and 
the Homeland Security Advanced Research Projects Agency (HSARPA). Some of this funding 
was arched for at my suggestion and wr^ 

Marwgw.Wrjik this grant fc 

2 
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iafecttoas disease furveil^ 

application in other area* of healthcare, taiuding phannacetd^ 
associated infection control, and ft diagnostics. 

visibility pubUeetJona in prestigious journals hove provided on indication that the TIGER 
methods ate innovative, produue results that would be unexpected hi light of prior technologies, 
satisfy a long-felt and unmet need, and have great potential for conm^ 
appended exhibits (A-E) illustrate these points 

6. Exhibit A describes an embodiment of the TIGER method wheic in a particularly 
virulent strain of Streptococcus pyogenes was identified as tt» arose of an outbreak of 
respiratory disease b a military bairacks. This arttola 

Proceedings of the National Academy of Sciences. The article, independently edited and peer 
reviewed, indicates the innovative nature of the method and thai the method satisfies a long felt 
need for rapid identification of infecdous bioagents for epidemic tracking sndi as specific 
subtypes of Streptococcus pyogenes and other co-infecting respiratory pathogens. One 
partknjlarfy surprising and imcxp^ invention 
is that h may also be used for an analysis of mkroWalpopolationi For eoanrple, as described on 
pageS0l5 a cohum2ofthe article, tt b slated ti^ 
respiratory disea^ 

expci ieuved by Use general population in fee absence of epidemic disease." 

7. Exhibit B is a third-party article that appeared in the August 1, 2004 issue of Analytical 
Chemistry which describes the innovations of die TIGER method. 

8. Exhibit C is a third^party Novations 3Jtkde^whi<A appeared \n Scientific American 
In November 2002. 



3 
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9. IttdbftDlsa thirty 
* April 2QWwhfchMghHg*tBfo 
(sco page 292, coL 2). 

10. Exhibit Efea third-party article published In be August 27, 2004 issue of Science 
which indicates the applicability of the TIGER method 99 a biosensor for air surveillance of 

. pathogens (see page 1229, col i). 

U» I declare thai all statements made herein are of my own knowledge trae and statement 
made <m ia&niiation and 

made wiin too knowledge dial willful fake statements and die like so made are punishable by 
fine or inqrisctament, or both, under section 1001 of Title 18 of the United States Coda and thai 
sudiwUlfalfelsestiUemea^ 
thereon. 




Date 



Name 
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Rapid identification and strain-typing of respiratory 
pathogens for epidemic surveillance 

Mj S ^«nas A. K«V, Yun Hang*. Raymond Rartkeri*. 

Janxf J. Dradar*. NaOl Wh!tn\ John A. WcNefl*. Stanley T. Crooke*, and Stm, A. Hotadlar* 

Etfltod by Stanley Fafeo*i Stanford Unfvtriity, Stanford CA, end approved Apr! 1 1, 2005 (reekvod for rtvlew December 31, 2004) 



WAmk reSffratory mfetfom are rorpartjfcfe for ettsfisfw mor- 
Wdhy aiulmortaBty wfthfci both rnlDtary and dvfltan poputetlorts. 
?i ™^ hl ^^^n™^ to sanultBMOttSly identify 
and genotype species of bacteria from comptax mixtures ea respf- 
rtttory samples. The process uses ejectrospray Ionization mass 
spaoromotry arid base mmposttoii analysis of FCR ampTtfkation 
pfotfucts tam highly conserved genomic regions to Identify Mid 
tfetennlna >thi > rtfttiva quantHy of pathooank bacteria praMnt In 
the sample. HJgh-rasoiutlori genotyplng of mecffic modes b 
achlevsd by using additional prf^ t^etod^^hV^^ 
radons of specife badarlal g*w*iKs. Tbfa method was used to 
eanmma samples taken from military recruits during respiratory 
255" 0 £*!? < * i up wrvf^arica at ,«v^ mHfiy 

webilng tarfttle*. Anarysb of respiratory samples revealed Mob 
COrt ?ro r * t J on * °* pathogenic resatretory spedea, mducBng Mae- 
nop™* Inllu&ue*. Mfftserfe mcntngftkfb, and 5Er»pfo<o<cur 
PWanat Wbon £ pyooeAe* was Identified In sample from the 
epUewrfcslte, *• Wfint'cal genotype was found m almost ?n 

7 1 *? ona««taiHJtrig the polymicrobial nature of exptasfve «V 
demies of respiratory iteeese. 

gwotyprng | group A rtreptecocd | Infectious «sease | 
streptococcus pyogeaet \ pneumonia 

D S^t?* 5 P*** 1 *™* epldomic respiratory infection* and 
a^r their important impact on global human health, the molecular 
™eipnmlngs of these conditions remain poorly uaotrfltood Ep- 
wemte respiratory Infections can be caused by a wide variety of 

pfluaaaA, Staphylococcus annus, fiTeteeria meningitidis, toco- 

^r^t^T^^ incdiods, deodar techn imjes, and 

mtaooigamsm(s) are never determined FurthennorA there has 
been rwprmical.ffifrthDd for 

of respiratory bfe<±ons to dissect (ho complex pofemkxohtal 
interactions that occur during expbsjve cm*ieaj« <tf (BaeasaL 
«. C ^Astre P tococd [QAQvrStrefMXKCUspyopT^bcaAGt 
U» most important organ tens associated with respjr^^ 
becausctfior^ 
oojra^ra«ons hii4 as acute 
n^^(3>TheaHi%tosrai^ 

toteria and viruses in large mnnben of aamplee would greatly 

essentiaj to follow the spread of specie vrriiteiit strain* of GAS « 
popuJations and to rilstmgufch vutilartt strains from evident 
streptococci (3). 
M^larmetla^ 

vbTileiii»fiict«»(4^ 

I WAS | toy n 2005 I vol 102 | ne.22 



been defined and correlated with phenotypic prapflrrjea of thou- 
sands of OAS Isolates fay using this molecular H*«>5fiw»K"n (www 
cdc^/i^drjd/bbte^ (7). Reoen^ a 

strategy known as maidbcus sentience typing (MLSI) Was <JcveJ- 
Opcd Lo determine the mofecular epidemk>Jogy of GAS and other 
baderlal pathogens. Tha rendis (romMLST are ht^rfy concordant 
with Beveral other typing methods (S), 

Although MLST provides detailed anafysta of Isolated GAS 
strains, H provides no infornumbn about the other respftratoay 
nikrobes that may particip3te m the pathology. We now report a 
technique that rapidly ideiitifies fmitepfe reapfaatory microorgan- 
iurta siimilianeoasry in a quantftativtt fii^hioiL This alkrws for oroad 
microbial population aaarysb and strain tracking of an ongoing* 
gCC^Wcauy dispersed ejridemfc^ 

Wentffied the bacterial pathogens present during a respiratory 
disease outbre ak a t a mJUt ary train ing camp characteriz ed the 
OAS itota-genotype, and analyzed the spread lo other military 
facilities. 

Materials and Methods 

Selected isolates used in this research from the Naval Hearth 
Research Center were collected m compliance with all applicable 
federal regulations governing the protection of human subjects in 
research under approved protocol NHRC2001 

Prtaar Saiectfaa* Broad-range FCR prim era fi» mass srjectronietry 
analyjte! were designed bo target conserved regions of bacterial 
ribosomal DNA genca (165 and 23S) and genes encoding house- 
iceepiaB proteins common to all bacteria CTable IX Primer? Jbr 
gCcotyping GAS rising mass snecfrc^netric analysis were designed 
to target seCjUences from each of the seven hons ekeepiug genes 
used in MLST. Xho nucleotide eeo^^ fc* genes Irom 212 
isoteies of GAS (78 distinct arm types) were obtained from 
www jnlsLnct These ccare^pond to the 100 cltftereat allelic profilra 
retired to by Eriitehter of. as STl^W (8^ l^rem>^bur primer 
pairs were desigjiedand validaled against £ pyogenes. AQmL subaet 
of sbt primer pairs (sequences are shown b Table 4, which b 
pnbHshed as supporting information on the PNAS web site) was 
chosen based on a theoretical caiculation of irdnimal number of 
■ pairs that maximized resobtion between own types. 



Mass Spectrometry and MIST. After amrjlincatioiu 15 irl-aJiquote of 
each PGR were desalted and purified by using a weak anion 
easchango protocol as described 00). Accuiate-inass (±1 ppm)/ 



Tha tAptr wa niircttt*d dVcctiy (Track B) to A^e fWS (rftke. 
F^MlyiwibWeornweifwwoh the »*as open ftccaoeption. 
AfeOfevleOonE gas, eniup A nwpax oea ^ M15X a iflflpc a 
stearaspray rorCtsSOn hub saeo^rjsnelry. 

>ro wtoa c^mprnttoerftttiM es sAhaeed. Bo n a; o<efcerCWtphxpm> 
O Km by TtetaraoMl AcftSsray of Idenrai ef«M USA 



wpha Em 



WfW4¥»ora/c^OWlC^1073/nmt40W2W0a 
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Table 1. 



and scope of coverage 



Broatf turvenianco primers 



E3E5J 




5equtni» of the prtme« are provkitd hi Table 4, Prtmet c^me of 
™ rt Wtogany ddplcnd pktortaffy In FJfl. 4. Thi roeatfons of th# 
ptnwn t«9«brig Hbc***! Stquenoes *fl dtpkfed mapped to ttm rSNA 
structure in ^ 2 (1fi$*nd 3 (Jas). 

W^N«o!iidcMi (M/AAjT > 100,000 fultwtdtn half maxima]) mas 
were ^1*°^ cadi sample by using hia>*hit*ujhput 
ejecrrospray ionization mass spectrometry (E53-MS) protocols as 
described (U, 12). For each sample, tSuJof nnaly te solution was 
consumed during the 60-e spectral acquiadon. Raw mass spectra 
were converted Co monoteotopic molecular masses. Unambiguous 
base compOfiUioc* were derived from the exact mra? meaj^remcnts 
(13). Quantitative results are obtained by comparing (fee peak 
heights with an Internal PCR calibration standard present In every 
PGR well at 500 molecule* for the ribosomaJ DNA-targeted 
Kl?^ A ^^ n,0,ec1 ^ te 11,6 Protein^ncocfiag gene targets 
( U jLzf^ ^ analyzed by using arm fiet^ajeo^cK^ 
W described (4, 14). MLST analysis was reformed as described (8). 



ftread Snrettanc*, IctartrfSDstlnn, and Rapid Strain^otMfag of 
wetartal Pathogens. To begin to dedpher the polymicrobial dy- 
namics that underlie epidemic outbreaia of respiratory disease, it 
would be valuable to anar^ 

of bacterial pathogens slmultaoeousry and to c^tamU^r^hinon 
arahv^iiDtypmg information on spectfte spectes, We have devel- 
oped a rapid, high-throughput mofcqihr method to achieve these 
rtfcxuiwa and have tested it on samples obtain^ fi^ respiratoiy 
^^^^ 9 ^ saf ^ 1 ^ wftn s - in military training 

^5?? v9u™ experimental iredttdofogytsta 
mnlhpk PGR ^Ecoxa using PCR/fiSI-MS to determine base 
compoariioiis of compter mbaurcs of amplfcrmg £11. u). Hbhr 
resolution genotypmg of specific bacterial spectes, in this case £ 

Edotr at «£ 



J9K$m>waaccon^lin^ 

ipedflc primers that interrogate regions of high btrapedea vari- 
ability to c&tmgtrish dosefy related straha. 

lb measure the broad landscape of bacteria p^*M b Mpir** 
tnrysainptes, a set erf 16 broad-ran^ si^^ 
that albw PCR amplification and quantitative Id entificatio n of 
many different bacterial pathogens and respiratory commensal 
Horn Gene target* of these primen are listed in Tabte 1, and 
sequences are shown In Table 4. Hie surveiBance primen were 
chosen by computational analysis of "^uctk* alignments of the 
riboscinal DNA operona and 160 broadfr conserved protelQ- 
eikcodinsjhotisekeepm^ 

em hate the broadest Tangc of bacterial coverage Rrertniple, the 
tour primer pairs targeted to 16S imoaomal DNA match, cm 
average* 9S% of the bacteria] seojuencesfcn the Wbosomal Debase 
^reject (http^/rc^cmeansu^dn) allowing for two to three mia- 
pairimp under pexnmarVe.PCR eydfag cundUtkm The aitei of 
hybridization and me sequence conservation in these regions are 
eho^Tion thenbosomal RNA structures In Fi^a. 2 and 3, which ore 
published as supporting mfbrmation on the FNAS web site. The 
primers targeted to prctdn-encodiAg housefceepbg genes nave 
biradmtfcc*e^atfeleiritf 

beta proteobacterfcw bacilli); their xpecJue£ty b described m Tab)* 

lin^graciicalrydcpk^ 

tnlbarnatkm on the FNAS web sste. 

Analysis of the amplified regions from major respiratory palhto- 
gens showed that the base comnttihniis of these 
eously distinguished all recognized respiratory pathogens from 
each other and frost normal flora, mcrumng doaefy related species 
tfStreptoeocd and Stophyhccccl (base eomposiliocu are listed In 
Table 5 r whkfc is publish^ 

website). Although any elneje primer target regno might have an 
overlap of base compositions with another spedea, combined 
hifonnarJon from mnhlpfe primer pairs provided unamb%naus 
ot^anisnvspeclfie sfgnatmcs for all major respiratory pathogena. 
^erampt^^/j^eneran^ 

regions that are ampfified by d and 10 of (he surveOlaaoe prbnera, 
lespecnvdy. The base competitions of these two speciea are Hen- 
tkat in only one target region, and differ in all remaining target 
regions by up to four base substrtotiona per regbn. We confirmed 
the resolving power of the target regions by determining die base 
compositions of 120 isolates or respiratory pathogens represe nt ing 
70 different bacterial species (data not shown). The results showed 
that the observed variations (usually one or two base subBtitiitkHis 
In the amplified reajonj in base compositiOQ amongst multiple 
feobtes of (li© same species did not prevent correct Identiflcaoon of 
major pathogenic Epede*. 

For liigh-reeolunon strain aBuotyptng, we deafened a strategy to 
generate Gtraiitspechlc signatures that follows the rationale of 
MLST. We constructed an alignment ^concatenated alkies of the 
seven MLST honsekeepunr genes bum each of 212 previously 
emm-typed strains (8) and detaiinixxed the number and location of 
the primer pairs that would maximize strain diaaduimatiorL An 
uua^setc>f24primerD 
covering >97% of ibentuieou^ 

targets. "We then o^recmintd how much 6tram dUcrimmation could 
be achieved faroasmalkr set of f^irner^P«^hrTTiafmr^kn^T^ 
for different poasnMe comb! nations of primer subsets showed that 
six pairs of prirnen allowed discrimination at the mdlvkfual emtfh- 
type level of >75% of all of the emm types listed by Enright ct at 
(6% whereas the remaining 25% dustered into groups of two or 
more emm types (see FSg 5, which is published as supporting 
information on the PNAS web site, for details). Una degree of 
resolution was considered sufficient for applications rocb Gack- " 
bg the csonal expander a pa 

epioemlc However, if complete emm typing la required, 12 primer 
paira can be used to complete^ resolve afl emm types. 

PHAS | Jttysi,20&5 J «tioz | no. 22 | tat3 
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MimWcatlon Bud Strata Gtrertyp^ of OAS batatas. Fbnr sets of 

throat eamptes taken from fccroits at different mHitary facilities 

were examined. The first set wag collected al a military tramiiui 

center in 20Q2 during One of the most severe mitbreata of pne£ 

mcima*^tedwimGASma*U.S.s^ 

wro lata from both heal fey and hcqtftafced teenfo 

fbr selection of putafee OAS cotonfca, AsecoiKJeetof l5ofS 

pafamtapedmena was taken during the height of this disease 

outbreak The third set were historical samples tarn cfecme 

ouforeajm at this and other military training fecflitfea dorms nre- 

vk>m yem. Jho fourth set of samples was coffee** from five 

poprAfcaily separated military btiMesi m the continental US. 

ta^wtntwiinmecflater/afta 

^nieifaolated from OAS adeem* media from all four 
ooDec 5 I 5 «* withmebfoadfiuiveillaiiwr^ 

fc^^u JT 1 ^ 1x858 coupons that 

M^^t^J^* gene seniiencm*, iadtte 

^lm»imlraweteused,aom« 

identification oonsw teat with (either trnk^or n/aniemSa 

SOU I wwwjjrni^qpl/dd/iM 



own color. HP, DO CfttA. 



small set) 5'-em/* gene sequencing or the MLST sequencing 
method. 

Ganotypbiff GAS fcebted from the 2002 Epfatamk a»d Tasting of 
OrlahifiJ Patient Spadmeu. Of the SI sample* takcm during the peak 
of the November/Decenibflr 2002 epuJen^(Iafefe2,rcrol-^»iI 
but three bad Identical base campodtiona and corresponded to 
emm3. a GAS genotype previously associated wttfc high rearimtrxy 
vhnlence (17, 1$), The three oumwra (Tabs 2, rows 2 and 3) wcro 
sarnnks from healthy individuals and probably represent nocepl- 
demicatraliia harbored by asympiomatic caraeni Archwed samito 
(Table % rows 5-13) from historical collections showed a much 
greater heterogeneity of composition signatures and emm type* as 
would be expected for different epidemics occurring at different 
rimes and place*. 

During the peak of the 2002 ouibreak, duplicate throat swato;. 
were taken from military recruim wbo were not overtfy symptom- 
atic but who were Hving and training in the same community. One 

the paired swabs was Used to isolate GAS colonies ofl selective 
mema and the other swab was analyzed c&ectly. Pifteen of the 
paired swabs (hat showed at least one cokmy on OAS-sekcthn 
media were selected fbr further study. When the awroflknee 
primers were need, ail 15 of these GAS isolates- ehpiyed base 
compositions identical to the sequenced GAS' genomes, as. Was 
observed with aS prevJous GAS isolates in this study. Tte sbc 

. Edcerttti 
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^^^B^w^fl^^ row 4), oorretpomfii« b>«mm7 v 
the Uleatical Biernture obtained from the s y mp tom a tic todftkhulB 
la this outbreak, consistent with the ctonsl expansion of a tingle 

0G9OtypO» 

n» unpawn? swabs were analyted without culture by using the 
16 broad surveWance add stx GAStpeeine genofyping primers. 
Analysis using (he survculance primers revealed that these samples 
had a tubdmt, of microbe*, as might be expected from ■ complex 
sample (Wile 3> or the 15 sartiplea, six showed evidence of GAS 
ndng the broad mvriflance primers, and seven showed positive 
«aecw*i using ftD ^ff»o^y^ei»(1^3uid2;row39). 
Of ihe remaining eight samples, ft* were positive with two m tour 
gerwtyping primers (Table 2> rows 40-43) end three of the samples 
were negative with all six acortypmg primers (IWe 2, row 44). 
These results suggest that GAS was present in these samples at 
widely varied concentrations. 

i J* 2? d I d ? 11 10 GAS> other P 0 ** 11 ^ ps^senJcorganlamBwcxe 
identified. In an exemplary sample (TaMe 3 k sample 5), OAS was 
Identified along with strong signal* consistent with AT. mvungltldb 
and H. toflmttae (Ffe 1> The 16 surveillance primew have a 
▼aryfrig degree of breadth Id their coverage, The tit primers that 
target. 165 and 23S rtbosotial DNA were designed to amplify ell 
bacteria from che major *Woofl(Tn^ lXMassspeetfalam^ 
of toe modncts from primers that target 16S end 23S ribosomal 
DKA(Fig.ir^^/^aiidLoH^^ 

JS 8 ™ VCTie fiwtti H. Mbanase, /tf maitn&tidit, and 5L nmeui 
(OAS) pra^t m a ratio of ^2fc5:4 as determined by comparison 
of peak heights with that of internal PCR coloration standards for 
several of mo primers. In contrast to the primers that amplify 
rawsomalPNA genes, the primers diat target genes encoding 
nouseloeping proteins were designed to provide coverage ofspe- 
<avlsi0 J£ ^ bacteria. For wcunple, primer pair 356 targets the 
rptB gene (Table 1) and primarify amplifies the bacterial classes 
Baeflli (which Includes & pyogenes) and Clostridia, but does not 
arTmllry Proteobacterta Such as AT. meningitidis and SL influenzae. 
Aijafe^ of the speetnmi f rom 
tt»CMiVmaJcv|Jiodii* 

targeted to the proteohacterlal species tdentrned /V. matfa&tidb 
(corroborating evidence Cor the smnrifujieous circulation of N. 
mmbtgiiidis during this epidemic was obtained from culture data 
from a hospitalized patient who subsequent^ died from pneumonia 
during this period; K. RuraeU, tmpubflshed data) and/£ infhunza*, 
Pyo&M* (data not shown). AiUjw^ ba» coim^tiorrs 
detected Iran sorae of the sarvcflJance pi Lucia are consistent with 
more than one organism, trie (Elective data from the 16 surveil- 
lance primers unambiguously identified these three bacterial spe- 
des asresrxiirsiWe for the laifc of the bacterial load in this throat 
swab. Thu^ualng this ^rvefflance parid of primers, U fa pos^ to 
ident^rtte major bacterial coraponcnu off a complex sample and 
to determine their approximate concentrations. 

To corroborate the results of mass spectrometry anal^Is of 
products obtained by using the surveillance primwee*^ 
tTOofthesamjrieslwbroa^ 

seouencma; (21). U» results from seo^enerna **T00 nucleotides of 
16S ribosomal DNA were in good agreement with the mass 
spectrometry analysis with resr^mbotiiklenn^rioa of species 
and die relative abundance fi5rthecm^lsinsthatamso^ed>5^ 
5* ^fr? 1 mteraWal toad tn me sample (details m Table 6\ which 
is pubbsfaed as supporting Information on the PNAS web rile). 
However, cloning and seo^enrirrg indicated the presence of addt- 
bonal (pedes of bacteria not identified by PCR/ESI-MS. For 
fw^b^oow 

5 (labfc 3) was comprised of Ccrync&tcXnujnfa Retro- 
jpeoKp armjyds of the mass spectra revealed peaks mat were 
«insistentvrirb tire presence 

acroes theein^eillance primer set were iimifficteat to make a 
positive idenmtation. Thug, croacVrange primer analyst win be 
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less sensitive on an absolute scale tor a low abundance organism 
than ^cries-specinc primers that do not have to compete for PGR 
resources with mumble microbes (see sensitivity measurements 
below). The other sample that was anj^vzed by bom PCR/BS1-MS 
and seo^encmg (Table 3, sample 14) contained & pyoguaz and 
Staphtfococan warm In a ratio of ~5:1 as determined by JPCR/ 
BSI-MS and about 35:1 by sequencing. 

It Is interesting that the 15 throat swabs from military recruit* 
contained a relatively small set of microbes in high abundance 
(Table 3). The most common were H. influenzae^ N- meningitidis, 
a nd £ pyogenes; S. epi&tmlda* M. ctUwrrftahs, C psaidodipHrhem- 
cum, and £ annus were present m fewer samples. We also analyzed 
an equal number of samples from healtny volirnteers in the same 
Bunion and did not observe die same part^ of mlcxobes (Samples 
were taken from 23 healthy voluntem from each of three d^ 
geographic locatlous, not from mffitary training setting rfeaithv 
votujiteers showed a flora dominated by multiple, commensal 
nou-p-beinoJydc Sb^eptococcal spectee, tnciudlng viiWans group 
streptccccd (Jm^acoecw n<^^ 

Streptococcus mbts % Streptococcus otu&s* and & pneumoniae, chla 
not shown). Thus, the military recruits in tbo midst ofa resptratcry 
disease outbreak had a oVanmtkaOy different microbial papidarion 
than that experienced by the general por^tetfcm In the absence of 
epidemic disease. 

Genctyping GAS belated from eeo^rjUrauy Separated Murtary 
FadBUw hi 2m Afler the 2002 eptetink: associated with a virulent 
emm3 strain, we surveyed respiratory disease outbreaks at other 
mflh^fadlio^Itw^ 

epidemic might have spread to uese locations later in the winter 
season. OAS isolated from patients with respiratory disease was 
examined by base composite 

lag. The results (Table % rows 14-33) showed concordance be- 
tween base composition analysis find tmm gene &equcncmg, One or 
two samples &om each teaflon had ao emm3 peno type. However, 
the dlaribuuon of GAS types at these locations rfwwed a pattern 
significantly different from the ori^naj epidemic, suggesting dial 
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5^«I^S!^S^i£!^ 3 1 iT°* f J /ab * 5) using bwJi of th« I* lurvelM B nCi prtnw M 1X <WP*f IhumbnaW 

SlSirSrJii^ 1 !^^^ cJ^ra^^woOlbrtrt^ by itshg bo lntemalstBndanl Identical tottM bdcte^ldilargelsBqiienc* «c»ptfor a^to5-ntm«in«] 
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T£TZ 2.*^^ ^ *mpflcon that ^ xpvated untter condition! of Ionization The peaks ar « labeled wfih fa„e comporWon of th. ampAcom and the 
uT^lbu^ 1« rONA. {LowecVghti Spetrum ton i primer pafrttutttrge* 



the epidemic strain was not dommatiiig toe population of OAS a* 
other locations. 

Throat swabs from eight Individuals showing respiratory symp- 
toms wacc obtained and analyzed after cotuire and directy from the 
swab. Rve of the eight patients bated jwsttivc for OAS |^ colture 
on- selective media fftbte 2, rows 34-38), Samples that ware 
Dulture-positive wera aho GAS-poduve by bass conjjwsfflod anal- 
ysis whan analyzed directly from the ywab,- whereas me three 
culture-negative eampfca were also negative by PCR/BSI-MS, 

SeratthOtf. Dfnamk Range, aodflapro*cfl>«ty.Tbfwalu^ 
of detection, aerial WWd oamtions of tawwn smountacigefloTnic 
DNA Isolated from £ pyog&ta ware added to water or gcaomic 
material Isolated from throat swabs from healthy volunteers. In 
water, both the broad surveillance and genotyplng primer* retiabry 
detected as few as 15 genome copies of JL pyogenes pextCRvitft 
(datanot shown). In the presence of normal throat Cora, toe £ 
VS°ZP*z gwwtvpirjg primers, which do not compotitiYety amplify 
commensal streptococcal 3peu.es,. had the same sensiuYiry as in 
water. However, the broad cnrvefllahce raimen log senai rtvity jbr 
£ pyogarvo in the presence of flora] DNA because of PCR 



competition with commensal streptococcal OqeinisjOi. Hie limh ol 
detection was ~2»TOgefiC^ 

average amount of nonnal flora taken from a throat swab (pooled 
from 15 volunteers and divided to one swab^equtvale&t^ On the 
other hand, when fC pnpumotuoz andB. arahrads were spited miu 
normal throat flora, the limit of defection was ~1Q~40 genome 
copies per well to both organisms. The difference in soisftMry for 
5. pyogenes vs. K ^fcwnonk and R anthradx c*n be atlribu trd W ' 
the predoniinanoc of streptococcal organisms hi normal flora* 
Although all of the surveillance primers that amplify £ pyogenes 
also c^pe&rvery amplify commensal streptc^occat epeciea, sev- 
eral of the BurwOflartrxpr^^ 

encoding bou^keeptni pro tema) amplify K pneumonia* and A 
artfaucis and exclude ihe OMnrnenaalsn-ernocwi thus, the lower 
limit of detection for a particular organism is not absolute, but varies 
with the level and nature of competing DNA and the coverage of 
the smrvdDance primers (see dynamic range experiment below). 
Ibis ts unique*/ problematic for & pyogenes m a throat flora 
backgrouDd, wbfch b dominated by commensal streptococcal spe- 
ties. To detect low lewis of Zpfopnts in the presence of throat 
flora, one or more of the & r#p§£fte^8pecmc genorvpmg prtmeiB 
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Iho 0>B amb range and linearity of competitive 
PCR/ESI-M3, wo raised three organisms In varying relative ratios 
ranglQg from 10 to 10»0Q0 and analyzed them by using the survdk 
fence primer set The results (Pig, & which b published as support* 

at toart 1,000:1. where one organism could be delected ta the 
presence of a lW^excefflc^oftoorlwooUwormnbma.'nio 
deviation from linearity at 45 cycles of PCR over a 1,000:1 dynamfc 
raw WW ±60%. Hie dynamic range would vary somewhat for 
difftreol iraxtaresofoftafllama, depending on ttttb- coverage by the 
surwefltance primers. Having a robe of primers with vary tag breadth 
in fipcciEatiea effectively eipanda the overeUdynaaiic range of Ibe 
qfltsm whQe assuring that the major bacterial components of a 
mixture are identified. 

To access mlrto^wab variation, we analyzed duplicate throat 
swat* from 23 healthy vohmteers. The composition of the bacterial 
flora varied somewhat from individual to hufivfafuai, but the 
repficste swabs from the same donor showed virtually Identical 
proflka (Fig. 7, which 1* published as supporting information on the 
WAS web site). The bacteria from these duplicate swabs weie ell 
doamiflled by commensal StnptocccCuj spa, as expected for nor- 
mal throat flora from healthy donors (21). 

conclusions 

In both developing and developed nations, the leaning cause of 
death by a wide margin is acute respiratory disease (22-24). 
Itowever. the underlying microbial ecology and the potymlcroolal 
i ntcrata oru that mediate explosive epidemics remains poorly un- 
dontaocL We have developed a strategy to rimimaneoosly survey 
respiratory samples for the presence or mnj different pathogen te 
agents and to provide high-resolution strain gcooUpbg for selected 
qpecks of bacteria. Using a set of surveillance primers targeted to 
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broodfy conserved regkxa of bacteriil genomes* PCR tmpikone 
were generated and analyzed by £SE-M$, sod the identtty and 
relative quantity of microorganisms was determined by usmg the 
base compositions of the ampfieons. This method allows rapid 
detection of the abundant microbial flora present In a complex 
sample. To track a particular bacterial suamfatrnay be bSe driving 
force of an epKtemh\ hlgh-resotetioa genotyping cepabflrty la 
requIredTrjafascommlishedpymen^ 
lhat target regions of high variation. 

In this shady, we analyzed four sets of respiratory samples from 
military seimigs. Military recruits five in dose quarters and are 
subject to intense physical and vocal stress at a normal part of 
training. Analysti of respiratory samples from mffltary recruit* 
living hi a training comraiiniry wbert a hlgb amoufll of respiratory 
disease was present Showed high concentrBikms of One or several 
pathogenic ropiratory bacteria, Including GAS, H influenzae, and 
N- meningitidis* Rom the epidemic Bite, the identical OAS genotype, 
was identified hi almost el recruits. The respiratory Hon present 
in these recruits was not found in heal thy controls. 

We have developed a rapid, hi^Hhroughput. and cost-effective 
method for surveying large numbers of samples that provides both 
a broad view of the bacterid organisms present and a high- 
resolution genotype of selected spede&T1»Kat/EH-MSuiar^ 
of 96 samples with sH snrveffiance primers takes —19 h, and has 
sufficient speed and throughput to be useful m tracking of an 
ongoing cpWcmtc Although thfe wort focujied on Irfenttftmrton c*f 
bacteria, wi th detailed itraln genotyp I p g of OAS, the FCR/BSI-MS 
method described here can be extended to broad groups of viruses 
(25)t fungi, and pathogenic protozoa. We envision using tiua 
methodology to enhance OUT understanding of the fundamental 
nature of explosive epidemics of respiratory disease. 

Wc acknowledge Dr. Jackie Wyatt for editorial a^ia*^ and Defense 
Advanced Research Planning Agency for financial support 
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EXHIBIT B 



Detecting newly emerging 
pathogens by MS 

Suppose that thousand* of people in 
Washington, DC, art suddenly falling 
tU, Severe body Aches and mysterious le- 
sions are the main symptoms. Hospitals 
are inundated with patients. Technicians 
are running bb tests a* &st a* they can, 
but results from culruring can take ad 
many as seven days, and the tests arc 
coming back negative for all known 
orgamsrns, FGR-ba*ed tests, although 
r^r,areal^6uTiiigtodcteathciicw 
pathogen. Whar can be done? 

Steven Hofttadler and colleagues 
at Ibis Therapeutics and Science Appli- 
cations International Corp. are working 
on a solution just In case such a sce- 
nario does take place. With funding 
from die Department of Defense's 
Defense Advanced Research Projects 
Agency, they have developed Triangula- 
tion Identification for Genctk Evalua- 
tion of Risk (TIGEjg— « new strategy 
for Identifying both known and previ- 
ously uncharactemed pathogens, 
TIGER, can be used to identify a wide 
range of organisms, such as viruses, 
bacteria, fungi, and parasitic protozoa. 

The conventional methods ofcultur- 
ing swabbed samples and using PGR 
primers co amplify spcdcs-spcdfic re- 
gions of organisms 7 genomes produce 
tnie/foJse results, and many Iterations 
must be run, says Hofctkdici. •TIGER 
is one thorough test that answers the 
question, 'What is in my sample?' It's 
a big essay." 

According to Hofitadler, TTGER's 
power comes from the use of broad- 
range primers, *A broad-range primer 
is one that lands and hybridizes to high- 
ly conserved regions of the genome but 
that flanks variable regions that have 
large differences In base composition," 
he explains. For example, although a 
partiail ar set of primers may bind to the 
genomes of afl 5trtrp$ocwcutspcaa t the 
actual PGR products win contain differ- 
ent amounts of As, Gs, Cs, and Ts, de- 
pending on the species. The primers are 
also designed so that they all work weD 
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A base ebmposftton plot for bacterial spacias. 

under Identical conditions. Therefore, 
samples can be boded onto 96- or 384- 
well plates for high-throughput PGR. 
Following PGR, the nucleic add prod- 
ucts are analyzed by MS. 

Sequence information is not ob- 
tained by the method. Instead, each 
PGR product has a characteristic num- 
ber of nudeotide bases and a unique 
value, and these data are used to 
determine the identity of the pathogen. 
If an unexpected composition is dis- 
covered, the researchers map the new 
signature in 3-D or 4-D space along 
axes representing each nucleotide. Base 
composition signatures for other or- 
gpiusnis are also plotted. From this, a 
phyiogenetlc tree of rektedne&s can 
be constructed. 

TIGER can detect mixtures of organ- 
isms in the same sample. For example, 
Hofstadler says that by using TIGER, 
his group identified the SARS virus as a 
new member of the croonavirus family. 
When he and his coworkers mixed SARS 
with two other cOTCiiaviruscs, they dearly 
observed sbx peaks on the mass spectrum, 
two for each specks 

In December 2002, the US. Naval 
HeaJth Research Centex (NHRC) con- 
tacted Hosstadlcr and his team to iden- 
tify the pathogen responsible for an out- 



break among 
Marine recruits, 
The researcher* 
confirmed that: 

ftW*»<rwa* the 
culprit, "But che 
next thing they 
wanted to know 
was the Emm- 
type, the 'flavor* 
oCStrrpf says 
Rofitsdler. Se- 
quencing is typi- 
cally used for this 
analysis, bat his) 
group used TIGER 
to obtain base 
composition tags 
Instead. It took 
6 min to type 
each sample by TIGER- "We blew 
through these and rapidly had a bunch 
of Emm- types that we thought were 
correct, and this was in December,* he 
says, *Then, in March, when [NHRC] 
finally got their sequencing results back 
and compiled, we sat down and agreed 
that we agreed* 

In addition to running the method 
through its paces, the researchers are 
also working on integrating all the 
components into a laboratory-based 
system, which will be called TIGER. 
2.0. The Ibis group is already develop- 
ing the next version of TIGER, which 
b being designed as a bench-top system 
suitable in sue for clinical diagnostics 
laboratories. 

Blowarfare, infectious disease epi- 
demics, food contamination, and hu- 
man forensic* are just a few of the ap- 
plications chat Hotstadlcr foresees for 
the new method His group 2s collabo- 
rating with many scientists In several gov- 
ernment agencies, and interest is strong, 
he says. TIGER has a good track record, 
too. "We've analyzed over 20 mflfion 
liters of air with TIGER*" be says. "We've 
never raise alarmed on a threat agent nor 
have we ever missed detecting in agent 
that we've intentionally spiked into the 
air sample," 
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Innovations 



EXHIBIT C 



The Universal Biosensor 

A drug company tries to make a detector that can find nearly any blopathogsn By GARY STIX 



Chancs Is often the best inventor. Isis Fhannaceurieals 
never set out to become a maker of sensor* for bio- 
logical weapons. The company, based in Cad* bad, 
Calif., a best known for its work in developing anti- 




WSPIRATI0M tor Ibb ThDrtpttHlcrt bnwd-tcm bJotfatoctorcwT* wfc, n cwn^oy 
presldi r* Davtt J. B±sr noliatj that « method used to scrtin for potentlll RNA- 
hhdhfl drugs Mi^it provide a magna of baking for pathogens. 



$en5e therapies, the use of small pieces of DMA-like 
molecules that bind to messenger RNA (a copy of a 
gene) ro block synrhesla of an encoded protein, to re> 
search led to the formation of a division called Ibt* 
Therapeutics, which develops chemicals other than 
DNA that would interfere with RNA. 

Along the way, low discovered a method of screen- 
ing pathogens that might lead to a universal detector 
for biological weapon*— even perhaps nefarious, as yet 
to be invented bioengiueered strains of pathogens. The 
road to a oriiversa] biosensor began in the mid-1990s, 
when Ibis started looking for chenucabwitha low mo- 
lecular weight that would bind to and block the activ- 
ity of RNA, the same mechanism used by many anti- 
biotics. The Defense Advanced Research IVoJe^ Agency 
(PARRA) funded some of the research because of let in- 
terest in finding new drugs to counter the microorgan- 
isms used in biowaxfare. Conventional high-through- 
pat screening— conducting a multitude of tests co mea- 
sure the interaction of drug candidates with different 
enzym es - is ineffective for drugs that would work by 
binding to RNA So Ibis began to explore the possibil- 
ity of using mzM spectrometry to detexraiae when a 
small molecule binds to RNA 

Tlie company refined a tecta 
toniradon, as well as mass spectrometry, ro extract 
RNA and the bound drug candidate from an aqueous 
solution intact and then suspend those molecule* in a 
vacuum, where (hey can be weighed. Aa the methods 
proved themselves, Ibis president David J. Ecker came 
to the realization that pulling out the RNA alone, with- 
out the bound molecule, would provide die makings of 
an extraordinary sensing system. 

After RNA from a cell is weighed with the spec- 
trometer—each cell has multiple types of the mole- 
cule—these very precise measurements,, accurate down 
to the masj of a few ejections, can be correlated with 
a database that contains information about RNA 
weights for e given pathogen. Each weight in the data- 
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base table corresponds to die weight of 
the exact number of tatters, or nucleo- 
tides,^ a paxifculajRh^ As 
formation about the nucleotide compo- 
sition ib in the database, the 
called TIGER (triangdation identifca- 
rion for genetk eraJuatioa of risks), can 
identify any bacterium, virus* fungus or 
protozoan. Before the RNA it weighed, 
another critical «»p is wcmaiy: the pory^ 




MiCHOWM. scAL&ThtHBEBeytUimrteat 
maca spiefrmnetet a gtuge the Bright of a 
mknmrgqntem'i Una. 
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merase chain reaction must snaks copies 
of stretches of DNA or RNA that are 
found in aD cellular organisms (or, for 
viruses, in whole families of them). 

Six months before last y ear *g anthrax 
attacks, Ibia and partner SAIC, a 
research house, received a $10-rmitk>n 
DAKPA grant extending over two years to 
do a feasibility fitudy for TIGER. The 
goal of the program is to develop a sys- 
tem that can detect the 1*500 c* so agents 
known to infect humans. This approach 
differs fundamentally from the way oth- 
er biodctector? are designed. Moat sys- 
tems uae an antibody or a piece of DNA 
as a probe to bind to a protein or nude* 
ic add in a pathogen. These tests ait lim- 
ited to detecting a small subset of the uni- 
verse of pathogenic agents. And an anti- 
body probe for, say, anthrax needs to 
make a match with the exact strain of die 
specific bacterium it b targeting* 

NOVEMBER 2002 
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J^£^i"^ ti0,, ? bcUla tJt *- T,lEea * a, « 1 which TIGER can read 

aw^k^^h^ with other mi- oldwatdypush^-Edcet^. 

nw«r seen dus before, but ift v«y simi- ■ ■cienti& a dvi«toIMj k hn«ed«e<£ 

tt!rJZF ^t^*™**, «pfarc w>p in which variou, bovLo- 
beaWe to pick up some genetic alter- ment agencies could adapt TIGER to 

wXJ^lJT 1 ^ " n ^^«^fl«Worcventu. 
AiZ3k\3T ally in cvoy hospital, dink and 8 U rveii- 

If information about a pathogen is not in its 

25 E - R T ght Say ' " ,Ve this before, 

but it's very similar to the plague bacterium/' 

depend ia part on society's fear level 
about biawaif* re— each of the tuna spec- 
trometers alone could cost $200,000. 
"Although TIGER id an extremely pow- 
etfiiitool,itiaflbig > cvwnbcTsomeaadeX' 
rjeusive machine. Phis, k does not give re- 
sults in real rime," note* Rocco Ca$a- 
grande, a biologic wiih Surface Logix, a 
drtigKEscovery company chat ha* done 
work in Hodetection (see "Technology 
against Terror,* by Rocco Casagrandef 
SciBNimc American, October], 

. Ecker*a optirniem about the techno!- 
ogf, though, extends beyond bioweap- 
<ms. The detection system can be used to 
look nor only fox biopathogens but for 
any kind of disease-causing organism. 
Edcet believes that It could enable labo- 
ratories to forgo many of the time-con- 
suming processes needed to determine if 
a particular microorgankni j$ present— 
whether that bug is measles, anthrax ox 
a newlj eioexging infectious disease. U U 
my vision holds, this conld supersede a 
lot of what takes pbee in infectious mi- 
crobiology/ he says, *TT>efe would be 
oo need cd culture thing? anymore.* 
Thus, a btoweapon sensor could become 
a nniversaJ disease sentinel to 



Work at the company continues on se* 
quencmg the relevant genes go extract the 
needed RNAsJpiatunes for populating the 
ontabases--or obtaining tha in^rmaoon 
fcom sequencing efforts under way world- 
wide Oncofri^rbig^chalktl^tfecre- 
Searchers Still £ace is how to tefl one piece 
of RNA from among thousands of speci- 
mens m a complex sample, such as a ball 
of dirt "That requires very complex sig- 
nal processing," Ecker^ThepioWem 
that Ebb had encountered was one that 
radar Caxineera dea I with constantly, In 
fact, this was the reason behind the col- 
kboratkm with SAIC, which prtxhieed 
cuhurc shock when IW3 molecular biol- 
ogists began to work with SAICs radar 
engineer*. «We spent the better part of a 
witoleycarfiguricgOTthowto 
cute with each other," Ecker remarks. 

According to Ecker, it would have 
be^easytodeteameantiir^mthclct-^ 
ter sent to Senator Tom Daschle of Socth 
Dakota in October 2001, l>ecaus*theeo- 
velope contained no other biological ma* 
DcriaL Finding a small amount mixed in 
with other organic molecules fa much 
harder* researchers ore still laboring to 
improve the rignal-prccessing capabilJ- 
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EXHIBIT D 



po#h**nd lami Jar*, 
biomd)lkccfej)JaM then 



THE EVOLVING FIELD OF ~~ 
BIODEFENCE: THERAPEUTIC 
DEVELOPMENTS AND DIAGNOSTICS 



wSZL^^^, 2001 anttva>< - ta,nt6d -^sultecf m severe) deaths, caused 

SU * 8 hU " """^ *»" * e eflecte ^ a torge-scaJe attack woukJ 
countermines against and dagnostfcs for, euch egerrts. 



MjcrooiBMbros andttoda. whk fliegrwtestpotwtw 
to™** biological weapon* b«w bm cataroteed 
■^ewteA-CpytheCenfert ibrDtaJcon** 

^th^ categoric We al^car^eri^i,^ 
ttMBiiflm,«»| eady defection and dkgoostics 



, — — tftgrntittatiofat 

tofliKwwfc wid to gykl£ flit Bdeaion of the optimum 

11 detailed 



Research to 



fogtal inn, >Ub bito two eategor ie* 
and non^yrptidic). Hie iaanbJkatkm and dK- 



^nall-motecule Inhibitors, end a brief review of ami- 
body development and design against biotoxina is 
mention ad in table l 

Asrthmx toxht. The teenn seaettdby-a^xos^nH**^ 
AKTHBAJtiwoM (ATX), poueues the ability to impair 
innate and adaptive immune response* " which In 
turn potentiate* the bacterial iiikrfian. This suggest* 
mat InhlkHingAIXBcthrftrfaav^ 
nioaafily-- ModUnn (be action* of t^taahifcould 
provide the winder of opport^^ 
conventional antibiotic*, m combination with the 
Inherent inimiine response, todearthjbactefiuinvwfl 
before deidry *epsb and toxk: shock ©cent Pjcuie \ 
tfwwi bo* kthaj toxin QX *hkh comprfeeiinutnctive 
antigen (PA) + lethal 6ctox (LP)), attwka cefli. Tne 
potency of IT b shown tn Txblbx 

The action of ATX be mhlbitedm^evc^ 
One method would be to intertowtothaftnin-m*^ 
ated cleavage of PA to its active form (Pa^) fblfowira 



onddevdop- 

botohnum. 
entero- 
to 



bw been Meniiflea* and ha* demcantratedmeennacitp 
tn debyAiXioxaeBna ^^-Rao^thlsap^oSi 
a moiepc^ noittrD-anjEDhier^ 

Non-ftmctional (decoy) firVnmtants dmco-ajsernhle 
wim wild- type PA, and htefiae with IJ/oeden»&cto r 
(BP) transport into the boat-cell cytoaol, save ahoTni 
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AafcytaxompottSof 
SMd^lftMP trial Mm* 
tofrjniptotnvlijRd 



lotto 1jMti 

AmrwxtaJdn 
Bcrtufcrain 



Rtdn 



Human, lunantasd 
and murine- 

andnuina 



A^andnruhe 



f«lioa» saakot tt mn ttmbpea m needsd. &m 



62^03.004 



wftb PA-LP m PA-BP binding events. A polrvdml 
^^^qttoMi,k a ! W4|wtentia i 4WlJloeteto ^ 




LIP has been rcwgnJfced as one of the main viru- 
lence component* of fl. atithmck. Coiuequeatly 
flwreis modi interest m Idciidfyix^inhibttortof tbiJ 
nietafJoprotease. Semsl hydroxemati InhibttorB of 
LF hare been Identified** one of which, 

5*1* ^ = J 0 nM ™ ^ "^rporating a metal-' 
cndatlagmotetn a potent inhJbtorMKARRKKVyp. 
NHOH (J*| = 0.00! 1 KM) was generated, rjw 
this information, additional peptidk inMbftors to* 
Identified' 7 CTABIB3). Panchal * used 1 high- 
throughput aisay to analyse the National Cancer 
Institute* (NGPs) Divwiitjr Sec Several email (non- 
pepHdic) molecules with drag-like properties 
identified (table »; Ra*). Some of mage oompouncU 
were identified via subsequent three-dimensional 
database mining. On the bash of compounds JdentJ- 
A*d chirin^ this stud/, a common pharmacophore for 
LF inhibition wis generated that wflj provide a tem- 
plate for identifying new leads. The search for LF 
inhibitors has also prompted the application of lew 
conventional technologies — for example, a ma** 
Jpectrometry-based technique was used to Identify 
the inhibitor D5-998 (table 3r * Finally, nature fa a* 
proven once again to ha a pharmaceutical treasure 
chest wtural products, urchioHngepigaJlocate*^3. 
«allate(IC M =97uM),an Isolate of green tea (Tabib 
3J amliH>glyco4des, Including neomycin B (K 
^7^nMp 4TO potentIJiiuMhHor«. 
^"MHapfetohfofeorebfte 

ity of BP were identified during a screen of the Available 
Chemical Directory database 2 * nutta* whereas in 
active metabolite of adefbvlr d^raxii rTAmju) was 



TA^uT^oTTvoIDMrr 



Botulinum neurotoxins. Botulinum neurotoxins 
(BotfQ) are the most potent of the biologfcal toxins 
(table 2). are easily produced and can be delivered via 
an aerosol route* There are seven BoNT serotypes 

l ^S B ^^ cWs a «P^ component of the 
«^^cthymiaWmi^^ 

protefc receptor ***** co*rtet. Thfr deavage Impairs 
^rtleaaeofacetrfchom^ 

ctt paralysis. Tne toxin ts composed of a heavy chain 
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Trfn 

ltorutott 
todn 

QptfuMii toxfri 
Mflotraii 

BflfochotoDdn 
letactalbxh 

Mwecyari 



ooot 
aooe 

O002 

ai 
at 

02 
0.7 

2 

3 

a 

10 

nertxjrnan primates) 
SO* 
50 
100 
1.200 



BqcojiJuti 



BactHtjm 
ftacaeajm 



ptart 
Potaiaoowfroo, 
Rant 

Plfi&rffeh 
Bacterid 

norR 



(HC) ftitfrrgett gwgUosJdic rc^ptc^ on nerve t*, 
p^d«^»t, lll e HCl|ndBleIjCtheiefcre 



™^ ™-«mruys uesnpandfi efal* and Shertdai 

J 13 ? pmpwed tlwt scyotI ^malarial com 
pounds, whki dekv nrnvU *_n ■ «» « _ 



PMttfttwfaw prfjy re- 
ga in c wttf rfpofi 32-kD. B 

dU^tldtbri^i 10*3240* A 

b bdi fid mflceL Odm fanfcfe 

zastfMV 

<&a*Dgc*BuW protein 
•you**""*™. 

■htewfcAnujor 

II mtJoailHosBBfarfKatf ' 
«^V»tt™nflBge*i«« (he 



WtfypeA (BoNT/A) chaueng^act by mttrferajt with 

structure of doxomWdn bound with* the BoNT 
^ln^itc« would intetfcrc with theabifcyofm* 



J^Mbitor^ would becmdal to cescuingnerve 
^ ™alizatkm.lnth C6 «rch for 
tuA tbenLp^c*. anumber of short Tiing^p«Ude 
InbibltORof the BoNT/A LC have been dwcxS 

^^tO-fllhihftoTrtr^ 

g^b*poterjt inhlbiton offteBoNT/ALCdMLBU 

mfchdlaminc B and Q2-15 (pig. 2b), are shown in 
TM1 * s - the basis of the identified inhiHtoTtod 



™fe^doc«n|u^to 

X t *T crystal etrnetures 0 *, t pharmacophore for 

Bo W/A LC lnh&ition im |ja^2&2vfll I* * 

*nhie for ongoing drug discovery. Ibrthcrmor*. 

BYeWeobach tad Bninger" hm recemry scdveci a* 

X-ray co-crystal structure ofBoNT/A LC compl-r^ 

wim redduei 141-204 of^noptomn^ttt^ 

t^2S(SNAJP25),TTutknportont^ 

fitrale-recognkion matt* that Could pa exploited for 

*^*^1bow^ 

product might act et gacb an crate. 

Tljcnujorify of compounds thai inhibit BoNT/B 
metaUoprotose actfrtcy are ps eudo-pepddlc In 
nature. However, two non-peptidir inhibitor? have 
been ^icr3>ed*M7riABU«).Wlth regard to pseudo- 
pepttdes, phosphoramldon and three of its synthetic 
derivatives Were found to be weak inhibitor*" 
whereas bufbrin I has also shown atfMty against the 
BoNT/B LC« Recently, a Containing peptide 
inhibitor wae abo reported* The mo* effective 
piendo-pejrtioVBohn^l^Irih]^ 
identuled daring the course of arveral compiemcn- 
tiryitudk&lin^ilryjaawiej of paendo-tfipeptidea 
with nominal Rvalues were genemted". In $uh se- 
quent ptibUcaoWW", dde-cham modiflcationa pro* 
ducEd more potent inhibitora (tabu^ In the latest 
*tu<fy thepwudo-tripqHidc mhiUtDnvm Objected 
to minor *tnictiiral chan^and temal compoundi 
with *; values ranging from 23 nM to SA nM where 
generated, with a rymmenical dindphidc derivative 
disposing the greateat potency (TAflLg^j 5 *. 

VVfth regard to the BoNT serotype P IC> Schmidt 
and J Stafford recently generated a potent peptidic 
uihibttor compoeed of VAMP raiduea 22S& (J. j, 
Schmidt andR. G, Stafibrd, penmwl comnmnkatian)/ 

In preparation for inhibitor development, Monzingo 
and Rohertus» nhtd co-crystal rtructure* of two 
wbsteate analogues _ formycin monophosphate 
miV) anddinucleoUde^^bonnd to th7ricin 
toxin A chain (iQA). Udng the PMP-RiA co-cmttl 
to a guide, Han a at 1 * identified the pterin*ba«*d 
hihlbltoraptcrokacld andneor^crlnfimB7).Botb 
mh^itom coMar>^taIli2ed with ITIA cpklk). In a 
follow-up midy 57 , an caazc^pyrkndme ring ftystem 
(90G) fTABu 7) wa# abo found to Inhibit the RTA. 
Aptarnen (nudeh>acid Ilgand 5 *) that iniubit the K1A 
have alao been generated- Hc$*e£berth etol 3 * identi- 
fied a 3 J-nnckotide aptanir^vrhcreafi Thnaka etat« 
using a mechanls tk approach^, generated a variety of 
much smaller aptamcrs containing unnatural auear 
and purine derivathpes (tabu 7j*» 

i» (SEs) etimulate a powerful cytokine and immune 
response, which haa earned them the name superanri- 
gens (SA«b). ncuHEM showa the co-crystal of a SAg 
and a human daas U major binocornpatibaity com- 
plez (MHC) mofecnle, SBs and other related entfax- 
ma have bean implicated in varloua disorders and 
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rcma^ subla When delfrertd by attD ^ the* 

cytokine neponicf bone of the dw mecbaaiami to 
interfcrtvvithSBtaikltlei^. 

Sohibk deoy receptor high-affinity mkati of the 

to C0txnter«tSEi is therap^tkkidJ^.Addidoual 

Knmz, pextoiul cotmnuijkattoii). Such huh affinity 
&Ag», which are highjy toxic even a ettrtmdy law 



Although ctmwwtt peptides u thenpenticft «^ 
prttcntty controversial, in some animil model* the* 



ttyof$Ae^.IaaiMwhstad^Afadanda^gB%^ 
u«d a mimetic peptide oad produced evince that 
dhm^SA^biDMxd^e^iasloiiofhiimanT 1 

antnt&in, ihb peptide nMn^pnXcctcdmtofrom ti» 
It^ctficteofahrotdapectnimof these toxins, evm 

•orimecfc oft 

Jfonuin that b itnictitpally amierod among $Ap, yet It 
ii remote from bMing lit* for Mttc dan Hind ICR Ik 
has been propoced that SAp might Use tub domain to 
bfal* to a mwd receptor thitwcruc^ 
(Kaompfcr R, penond connmttiJcntion). 



it frihfctar ofMmb>i structure 
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HD-NH 



C5M60O1 



F» NSC 12166 



NSC 357756 



NSC3S9721 



K |W 2.1|iM 



100 hm 
ocndGAtri 
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protects octe. 
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"MP^tomrviialiin^ 

^ m ^ent» th^t attidc the vinw and t^^vc 
cycle direcuy,oras agent, that sad* and fortify host 
Immune defences. In principle, there are abundant 
«*Bets tad numerous strategtei for both categories. 
TttLB e provides an overview of the strategies and 
opportunities available frf new therapies Bgaiaxt a vlnis^ 

sari]y incomplete, but seme to highlight bom the 
apparent vulnerabilities of viruses and the extwoxm- 
nary challenges inherent to dampening logarithmic 
viral replication to a medically aignmewjt degree, A* 
revved recently hy De Ckicq", there are only 37 
licensed antiviral drugs tnot mduding interferons 0 r 



">ifcodle«)ivaflato 

treatment of HIV, 12 are (raring herpes virua (her 

pes simple* virus (HSfyVbkdl*&&tvkw{VzV) 

eirtcTtomegBie^ 

and prop)rrto of tonnes 

opttnUfim b that the vimsei of greatest concern In 
bhnvarfere and moterrorism cans* acute viral info* 
tkms, whkh for hicaysurvtvors is Mowed by immune 
nteovery. Antiviral therapies tberefrre need Only be 
ef&ctfve for reSatiwrfr short periods (aee mi for case 
<xarriplesoffloViru^ 

^frfo/drt^Altachmf^aD^ 
for both ffloviruses andc^thopccivttiise^andenic^n 
data ore mired In uncertainty sod controversy. The 
search for spetincfflorinis receptor^ hw been coun- 
tered by evidence of more ubiquitous and unspeciflc 
lectln-n** reeeptots* 7 * that might be difficult to antag- 
onize with drop. However* recent sTructur^-octivfey 
retakmdup (SAR) shxfies that Cvar^vlriii-N P a 
caibohr*^bindtog protein, might inhibit Ebola 
vlnu«*cY*OrtlwiH^^ 

their Burke*? from the sugary flbmenfcjof BboJa and 
Marburg, are slmOarry the subject of viral attaduTOni 
and entry research 77 . Fusion Inhibition, which has 
proven fruitful for tearing both HIV and Influent, 
coedd provide therapeutic C^rtimlfe for both viral 
genera, and is being actively ptirsuerf 7 **. Inhibition of 
viral replication teems to be especially raasifc for berth 
uoviruses and orthopoxviruses numenmi genomes 
have been sequenced, sevt**ftfay enzymes identified, 
basic rephcativc step* descrlhed a ad structural associ- 
ations among proteins partially described?*. 

Thl3 abun<fanc* of potential Urgeti could result in 
several therapeutic spproaches> indnding aptfeense 
targeting of the vfral genome, inhibition of the repli- 
ease or polymerase activity by wr»U-moUcule 
inhibitory as well «? other specific molecular targets 
aaemlaltorthefonr*^ 

reputation -competent 
complea* 1 . The recent development of reverse genetics 
and ffioviros reporter-based r4hd-genc*ne«« w well 
as green fluorescent protein (GPp)-eiprettlng Ebola 
vinis", fa ea^«ete4 to Sfenh^ 
flcation of inhibitors of fliovims replication, Una! 
assembly and viral egress from cdb b simpler for 
filovinises than for poxviruses. Results from electron 
microscopy have long Indicated that the final assem- 
bly of filamentous Ebola and Marburg viruses occurs 
at ceU membranes** and recent work has shown 
that flloviruse* are among the subset of viruses that 
exploit sr^oallzed cefl-niambrane regions called lipid 
rafts' 7 . FJlovi™ raft assembly might therefore be a 
viable target Reverse genetics experiments Can be 
used to explore whether a putative target, such as 
forindeavage she of EboJa virus, is essential fbrviral 
infection". Compared with ffloviruscs, poxvirus 
eyettfjnmceJb is consider 
situation that would seem to make the target even 
more vulnerable.. Over the years, vaccinia virus 
mutants deoktive in various aspects of final assembly 
have been identified, host proteins implicated and 
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128pMertf cnxfer 
OGflraindina, 



K? ffl »QO>iM laSMMandcmter 

ic*ttMnduoad 



— m a OoradHfcMr 

J I / ^Phosphate, actiw© 

f \jo^^^T oiuiarrratabcftaof 



pn»*ntK. .„ 
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■C^- 0.1-0,5 *iM 



23 
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compound* identified that Inhfou lata parUde fbrxua- 
t&m. AddkJorwn^ the appart*tfy *ffixtive but problem- 
atic antiviral drug cidcfovir mms to be effective 
agahistinany Qf*oparviruje», and 1* potenb^usetu] 
wr the treatment of smallpox and vaccinia 71 *. 

Adptncthft therapy, filovirus Inftct fcmfl are associated 
with a numherof patholo^calcDndftions, including 

proposed to result from upregnfation citissue factor on 
die surface of leukocytes* ftutlalHipcessfl^inttfiboJa 
vkus infections mibesusmonkeya using rccombinairt 
nematode anticoagulant protein C2 has recently been 
repeated" Although this shidy is encouraging, the Utifity 
of anticoagulant therapy In httniaiu reunites further 
studies — in partkuhr In comblnarion with toecific 
antmriltj^mpeuto 

Therapeutic antibodies, Both filoviru^ and orthopox- 
viruses fflustrate how the potentialccmple^aiideuV 
tiveness of axUfoodv-mcdlated protection is sn' often 
uno^restfanated. Viral neutralization cornmoorf 
mteipreted to mean the capacity of Mimmunc^bnBa 
to mtofere with viral attoihn^orei^— hoiuVpait 
of the protective role of antibodies", Bndu son^etimes 
insufficient. 

In rodent models of lethal Ebola and Marburg 
vuT^the&tkhhiBtra^ 

odonal antibodies tttambi^ouSiy confers protection 
before and sometimes after viral miction, and the 
demonstration of virus-neutralizing activity In the 
to]"*ferred ant&ody is a poor predktar of to efficacy i* 
yfl ^"*' The few antibodies tested in sensitive non- 
hunwa primate models of filovirus infection have 
delayed Vb*enrfftBnil«>ath»btrt 
veni^v^tbevMchan^ 
Jcdtopremanire ass^^ 

bodies as EJovirus therapies. Ltssomq^vird vaccine 



iae | apiUI 2005 1 V6UjUb * 



that antihodka to die viral gtrxoprotemmcot^ctioii 
with T-crll responses to this and other proteins are 
required for optimal prorec*ion* M, - ,a \ Attempts to 
influence cluneal outcomes in mmwnsbythe transfer 
of pUaraa from convalescent to ill individual* pro- 
duced encouraging results' 1 ^ 0 *, but these studies Vim 
inadeqi^oosittolled and diereloie biconcliisfm. 

A common observation In orthopoxvirus* k the 
production of neutralizing antibodies (raised against 
inactivated virus) that alone prove insufficient to pre* 
vent disease and death, but which era protective when 
combined with an additional antibody population 
(found In serum from animals that had been infected 
with live vlnw)** We repeated this observation both 
with monoclonal antibodies 101 and with DMA vaccinas 
that evoked antAodla^"; in mb case, e^ b^ rnost 
potent neutralizing antibodies (against the vaccinia * 
>irus protein LIB) were insufficient *> psevent lha Enex- 
oraWe spread of virus in infected anunak m contrast, 
an antibody to a vitally encoded ceD-aur&ce protein 
(A33R) was sufficient by itself or in conjunction With 
anti-LlR to provide robust protection from v&cctaU 
virus in rodents. Other* eztencUng me observation to 
additional proteins, have repo rted aimnax findings 
and an apertntcnta] DNA vaccmeaaaUutnxmfaypcii 
virus in non-human primates yielded concordant 
resuto^.Thfe raises a question: how might antibodies, 
in addition to neutr oliiing antibodies, confer a thera- 
peutic effect? Early cAsexVUtions 1 ^ implicated the 
capac^rfantuWiestobind to viral proteins on the 
sulfite of infected cells, and Whsequ^ ohservatiofia, 
including those With ffloviruscs and oithopoxviruses, 
tend to be consistent with the proposed recjuirtment 
trtatthetai^ofncm-neutraiizh^ 
u% exposed- Mcdmirb^ 
ptarjent-mediated rysn of cdls, antibc^dy-Kkpendent 
Olhlhrc7totoiicnT(in V^Ferecepu^earmgcdls 
destroy vkattv infected cdls), pertuibatkm^b^evtotj 
mviralas$ttnbry(aalnte 
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m the case of orthopoxvirus the taisetmjofapv- 
ttedariy nportaju but quantitatively minor viral 
p^aatoopw* l„ terms of the therapeutic vameof 
™fl^com^^ 

by binding oc D«itiafiz2{^ 

« tiufljodUa from doom whose sen also contained 
many other antibodies a) weft™ 

A*gmMh$orpn>t€*irtxr n natt immunity The goal 
ofton* antiviral agents is to tip ths balance 0 f the 
mmnmc rtjponae toward* innate immunity and allow 
sped* immune clearance xnechanbmi (adaptive 
teimunlty) to take- over'". At the cro »ro*kofmanT 
In rate immune responds aw interferons, a family or 
molecules that can directly evok* amiviral respond 

ftnlivfrab has Delimited both by the transience and 
t^tarkhr of thdr effects. This has engendered cau- 
tfonibom the prospects for a broad array of other 
described cytokines that obo stimuh* innate 

drug Intervention have arisen in taring viral 
patho^lTjeidfintificatkia of proteins produced by 
vaccinia and influenza virut that act as interferon 
amaeonisu"^* was followed by the demonstration 
feat Ebola'" and Marburg viruses also make inter- 
feron antagonists. AdditwnaD* orthopccrrlru^ sra . 



innnes and other molecules — the effect* of whicfr 
could confound innate immune responses'". Ourabfl- 
ity to mocfify the Innate hnmune response in after*- 
peutieaJly significant manner necessitates a deeper 
understanding of the role of the components of this 
arm of the Immune system in specific viral Infection*. 



RwmfyacnieWrokforr^ 

deBned In protection aploat Ebola Infection™ 

IiftreOmfft edoptrre transfer of Nat ctfe treated wffli 

Ebota vtrus-lifa partkte end not inactivated Bboh 

virus lesultcdbrigpttkaitt 

lemal chaQen^itidlcBtu^ 

innate response tarty In Infection rmgm bo a promising 
therapeutic stntegr ^fliincr ffliwirujcs. 

Toting ho* pathway. Viral pathogens have evolved 
over miflenn (a by adapting to a Stti bed imbefof ce£k> 
la r mechanisms for ceflukr enlrji rephVanon, aascmUy 
and budding. Although o tremendous amount of efibit 
has bean devoted in the past decades to the develop, 
ment of therspetttk strategies targeting virus anop> 
□enjs, half of this vvoxlc involves a single vfnn (HIV>. m 
contrast, the common ceuular pathway* used by a wick 
array of viruses have been largely neglected as thera- 
peutic targets. In tmj regard, geneiicaUv engineered 
microbes represent major challenges for blodefence 
both because the pathogenicity of the wganlsm might 
be iiniwgnized and/or mepathc^ikity in^ht be tal- 
lored to counter existing pathogen-targeted merapeu- 
tics. HosMargeted therapeutic* would be the most 
viable option u coping with audi unpredictable chal- 
bops. Scdi host-targeted therapeutics would have two 
advantage* they would aa w broad-spectrum thera- 
peutics and block iH of the viruses that use the a£Cected 
pathway; and they would mato? it more difficult to the 
pathogen to develop resistance, because there would be 
CewatteniatiFecelhilarpathwa^ (he virus 

tot^ichrantagerfBesidwcenula^ 
factors, a number of intracellular pathways, such as 
the vacuolar protein-sorting machmny" 1 , cynxkele- 
tal network 1 " and components of celmkr antiviral 
defence 1 have been identified as crucial for viral 
pathogenesis. However, despite these advances, our 
onderstanding of the host pathways involved in viral 
pamogenesis remains limited <kne4c apprc^ciiea such 



Tabfc 6 1 Dc^llrum, wmrtfrp. A Hntrt chatn (BdeT/A tehlWtoS 
BoNT/A U3 fchibltor chamlcd structure Name 




Kjw330nM 



86 



41 
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41 
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BoNTTBU^tnhlbttQfdMm^Mnjotwi 




a» RNAtafafertna (RNAi),*, wdl * various physical 
and functional knockout technologies, nted to be 
applied to ideutifyhost genetic pathways involved in 
viral pathogaiesu and to establish th<? degree of com- 
monality of thfiae pathways acrws viral fcmD4es, 
Molecular details of these pathway! and the nature of 
their Interactions with viral components need to be 
intennlvelyrtu^cd by genetic, Nochemlc^atruawal 
and modelling approaches. This detailed body of 
Knowledge would serve as a bash for identifying bo* 
target* and the rational design of broad-spectrum 
therapeutic strategies. 

Bxtettan QirThnioioiiiii U^iitntimu 

^Qibri^ there are therapy 
those infected with many of the bacterid biowarfare 
P»tto6ena,Howevei; thescope of recovery is variable— 
in the case of individuals infected with mhakuonal 



BABJM 



40 



47 



62 



54 



v^ichantftiotia wm control a^ 

tum-Thb section of Uier^vWcovewcharflctexiitics 

fl^^^fwenidmg therapy 

sgEntEariaE^p^wandtrjhrBemla. 

Naturally occurring straina of B. M ^ are 
generafly susceptible to pcflkillns. firat-generation 
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cephalosporins, tetracyclines, rifampin, aminogiyco- 
sides, vancomycin, clindamycin and fhioroquinokmes. 
It was recently found that 205trah»of afl/i^m^aJso 
shew sensitivity to irnJpenaru, meropeneni, dapto- 
naycin, anlnupristin-daitopristln, flnezolid, GAR93*, 
BMS234756, AFI773, 11353328 and resistance to 
ctofczamine"™" The CDC and thcWbridng Group 
fiorQvflianBiode&nse U^tin«mg^ddinc3 have been 
published for treatment of jmbiiorwry anthrax^ and 
are provided in Table hl The choke of the second or 
third antibiotic should be Influenced by the likely 
resistance pattern of the strain causing the infection, 
and consideration should be given to antibiotics that 
penetrate the blood-brain barrier (penicillins and 
earbapejiexns, for example) due to the high frequency 
of meningitis associated with inhalatlonal anthrax 
exposure' 1 *, Inedumtaa of therapy is controversial 
but involves at least 60 days of treatment 1 *'" 
Corticosteroids have been mentioned as a possible 
adjunctive therapy in the setting of meningitis or 
severe mediastinal oeden^ 
definitively support th err use. 

microbial biodefence agents is genetically engineered 
antibiotic resistance. Several reports of recombinant 

~ inywjMkrv^^/mrfm^iSiSEe — 
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plasmids that confer antibiotic resistance when 
touted Ukto A (wrirrcwhava teen published. One 
plasmid-contafnlngAiTOn was resistant to tetracycline 
datycydlnc and minocycline"*. In another study, a 
recombinant plasm* encoding for resistance to peni- 
jaEn. tetr^cTrfii^clilorainph^ic^ rifcnipm.inacro- 
liaesand ltocomydn was inserted Into the & <wrtr«cfr 
strain STM, which reportedly stably inherited the 
plasmid own-several gen anions'* The possibility Q f 
antibiotic resistance In this pathogen indicates the 



Booc 1 1 Cw exnmptoa of fl]ovfrns«s 



_apej grttopoxirtriBMwi 



^Ihecbssksd 
tobust^zntectloa 
priTvtn problem tk in ihe mod*ni en 
dfaKntfawtedYacdnk), 



Importnnw of Initial combination therapy ^j,,- 
^r^srotoageneta^iM 

ciinn^awycepbal&spo^ 

aminoglycosides, amikacin, qtiinoionea and tet racy. 

dln«.kiivarlaWfiQBoepul^ 

amphericolaiidrtfimip^ 

macrotide^dindimydn, novobiocin, quinnpriotfn- 
dalfcpri^anddofczainlw 

munkatkm). (See ta*Lb io for reooitiraended antibiotic 
treatmeimforpiiniriionkpla^ ther- 
apy hi Y.pvtto Infection U an aminoglycoside, with 
rtreptomycin « an PDA-approved medication and 
gentanticto often mentioned as matenatetjiMhtatlc, 
Although rarely reported, naturally occurring, 
highly intibiotic-rafetant strains of Y. ptstb do Decs*. 
In a recent report a strain isolated from a boy m 
hiadsnascar was demonstrated to have acquired a pla*. 



dilofamphenkol and tetracycline but abo to amp*. 

minocyefiae, Thrananually occurring, highly resis- 
tant antibiotic strain are ectwnely ccmceiiiln^ wiA 
respect to the d*vdopnjant of biological Weapona, 

FtAiKnsBLiA t«l*™w is generally suBceptfbte in yuw 
to aminoglycoside tetracydlnes, rifetnplii and cIiIon 
amphenicol however, many strains seem to be 
resistant to p~Iactam and monobactajn antibiotics ^ 
(See -cable io Cox recommended tularaemia treatments.) 
Shnflarly to the treatment of plapi^streptoniyciii or 
^ntuiUcin are the preferred therapy when that are tto 
contraindications to the use of these medications""* 
<^flo»dn vwenfettem oeatmgarecenttnlaTa*tok 
outbreak In Spain 1 *. 



KSSM detection and diagnostic* 

The early detection and diagnosis of Inftctioji or 
Intoxication with biological select agent and toxin 
(BSflX) fe essential if intervention is to occur at a point 
at which the prognosis can still be fa&ienced and also 
to guick the selection of the Optimum therapeutic pro- 
tocol (table io). In addition, such information can 
grauy mc$tate the logistics of mobihzjng supplies 
and personnel to ateaa of exposure, HerVo^ecUcm* is 
defined as including those t^noiogkt required to 
Identify a biological threat In the environment before 
or coincident with exposure. BnTiromnental detection 
u^Uy involves the testing of air, toil, fbrnites, water 
an d foods rum, laboratory diagnosis' mciudaa those 
methods used to confirm the duikolobaervatlonsofa 
physician by evaJtatlc* of stan^ 
such as blood, serum, emdatea. safr*stod and tissues 
(table*), The neceiiity for the rapid detection of 
B&AT-retated illness and intervention Khh opting] 
therapeutic protocols was w*fl Onistirted during the 
2001 anthrax attacks (BCftg. 

Cntf&ang»,^uJ«^ina!vVn^ 

/Varworfcin 1999 a national laboratory response net- 

work (LRN) for bioterrorUm was established by the 

<^totetforblologicala^ 
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■tan eel membranes 



RopBStion in vivo, 
manifested by 

<temag»and tlseaso 



aaspciatbns between vfral prettta 
andmxtelodcfcb. 



JJSS^ 0 * 3 OfJoS^; 

Pftfar^ rtM assembly In apeotefaed 
®SWifiifcn^ce0ufer prated and 

and death. " * ' 

Lpserfthmb ampS!fioaiic«of 
wafbuneten; fatal vtan hdiced 

from potent 
fBSflonaei 



rxti 



Spe*cbr^e«Jr*r^ 
^up- farexfrnpte byefrtfcodte, 



CftaBenQM 



PorejyfonancJ unYflJhnof RNA 
orONA, aon^mttstnpuAe or 

vWaritaaoftbtsofrfttra-end 

defences produced; 

*<P^^vralpjototis 
fiWBtod; Nt-a> associated vta 
ipoo&saeft potato 



TansetRfl exposed RNA. Dna. foreaarnple, 



ecxJ aiKtbna and taeraoaona fjoreMarrcfeL 
pn^ewW^flDramdrepficaBeWafti^ 

ojtgi^onoBflawfcccB (brmrnp^ 



and hflueno^ tho 
NK cafe and Cnj to eMraie taSitod ear, 

M^QndfrTr^potri^prt^in 
ln «™°!5 pwftflbnucteto-acfd 
cnoapatoteflon mottta (for acempiB, using 
a OTyp Bntagonisi or antte$rogj. 



Bind and ctaupt protete (nvoKod h fin* 
cetostoareiprotolrKL 



QeroMtoartphanoiypbvB^a^ 
praaanth en wnrtWrovTua oopufatfen 
andasoapemite^fWOnd&noy and 
^oyarea ana uart&tre. areola of- 

fteton cton^ often crvptto, and 

flcktepfwartedbys^protdna, 
Compartmentefaa&Tx 

ctfactaonrnpoiiinato 
jter tenB^torifcaDon of 
BpppprtaiQtajttet^osc^mutflrn^ 
ysnaaonBmcngv^8t3k 
IreufflclBmlffwitedttocf how to safety 

and autitwnrtty h cor» hoMcttal&. 



Da^mafactf^ccirmjvlsio 
ir^^UariBTDBte; Idonfflcatfcn t 
appropriate targets* 



paftwy cf aotta oompumA to 
•rtracelluiwt^^ 
apprcprtaiBiciDate;ovwafl safety of 
conipoLndKihetdlsupJc^yar 



Jeat synptcrnstoai*talnvfctkn imJ 
jTmuig system jjbnb8sj rnana^ 
Immune response and cyfeMna potarft* 



Cteco^pfactott^pounda: 
ai4a$Blng tssuee of tiugcr artfoody 

offloaxy fsastoffly and safely. 



BUNCB&U TULlttfiQlS 

<aatbftiwnirlnftribt» 

anftOp«hc V siftKM&.l fl (far 
Uhbociiddtcushid 



fijraachmnifcof fliepfocew) thatcouW be med during 
atoorfcmbctdeiit*^. Eadj bboratoiy fa d^liS 
Wlowa tbe«ame cute fcrfiampkcpUeal^^pping, 
agent containment aiidtertiiifrLRNlaboiatoriattaln. 
tain Secure atimniniwtian ctenneb among ihemseW 
stateaasd local heahhaulhoritlra. CDC and oth«r fed 
«*1 agenda Tbc mission of the LRN b fa maintain a 
Wioiatory network ttewfllqclckty respond to acfa of 
biological and chemical terrorism. The system far now 
opanized into a collection of wmiUanc* (prcvioiuty 
Jcnown aa 1ml AX amflmutory (level B and C) and 
natioud laboratories (level D) . 

FPA-approved assaja do not ed«t fi>r mwt BSAT. 
CDC therefore provided LRN-regiatcrtd dinical 
laboxatoitea. which are the front-line laboratory 
responded to biological urroriam, with approved 
protocol* for most of the category A agents and *ome 
category B agents. LRN protocols use an integrated 



«yatem of well-eatabllahed mloobiologk^J method*, 
PCRgcnc amplification and Improved feimiinodiag. 
nosbc assays. CDO^ppKed itagmUandatandatda 
exist for the identification of A imt&mri* BoNT/A, K 
P#&> P< fefettuu&nd Rrucdk spp. For a brgermtnber 
of agtm^q>ecim«ni most be kdi dlrectlvtotheCDC 
in Arknta, Georgia, USA, or to designated LRN refe^ 
ence laboratories becanae of the extreme hazard they 
represent to clinical laboratory personnel and the tech* 
iifcalcoinplexitycrfto 

the LRN system require* a combination oft screening 

evatoatMatraalerelrfmelo^ 

tatWT and confirmation by a hierarchical reference 

ktataitarymmeaYJt)^ 

b^erequiredfor condualog I^prc^oo^fjBmnfag 
alow-ctmipkxityfiamp^ 

that the tlmer«ralred for larwatoryconminatfim^ 
be vrorse for eampiet that murt be tnowportedtothe 
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jleflUsfonlUct 
sttvfalQn matortal ouch 
aavwknlarftidor«ctac 



pro» toh types A-Ofc 2 aUxrtla. 



rvrv 



Lymph node smsa/a; 



enoephaftkiM Fm 



assay; FOR 



JTiTiJiOwic«wiitet7y; 

IrtaTSjnoasoox 



^wposiR^Mnseekmb attended 



Throo4»Aflte;fleiumc 
cwBbmsplndfliid. 



^ti: stodj ursiatepiaon, 



«_»"'*Jnopj3s sy; 
tafflunafttocfififfiletiy 



hvnunoassay; 
iriVTMj'iOftJStoCiiBfTilstry. 



<*^fe^dmsCDCh^^ 
totocal lev* u requixedfor OTianpcaaod haemorr- 
ba#c feu** on rfe bub of the limited p ublfc reports of 
the 2001 response to anrlirax attacks, the calculated 

nrrnation for suspected cutaneous and whalation 
anthrax cases (d = 22) was 9 daye'«v«i, h most of the 
— mwhidi in opting antibiofc 



on 



^^rfan to theposdbilify anthrax. AMwughth* 



thereadkanto^ontaiownoraeeijetk^ 
threatcoaldmImicaifl300U 



V^tnZ^untfrtxforbbikrettazt**. TWo feder- 



are 



In th* early staged of lmpJenwntitwaaiidv^ettcour^ 
ag€ the recognition of biological threat attacks on a 
wide The BroWaicQ Program, which Is a 

conaboraiiye program between the Environmental 
Protection Agency (EPA), the Department of Homc- 

^pfO^muncMbe-^ 

tor the Intend ajjooro 

threats. Solid-phase fitters and sometimes aqueous 

wceittiateafaimBtoVlatA 

for tfaepreaenoe of pathogens by designated local or 



State public-health laboratories using LRN protocols 
and assays. Similar suxvefflance systems are planned 
far post offices, and research has begun to devise sys- 
tems to protect buildings ttsing*«mBrt*mottitosiiig 
systems'*!* Presumably after confirmation of the 
intentional rxkwe of a biological agent, local ofilciah 
wQl implement a response plan that might include 
widespread prophylaxis and treatment in accordance 
with thefM)Iic-healtb threat The BioSense Program 
will use epidemiological methods to monitor selected 
surrogate markers ox* infectious disease outbreaks, 
sueh as emergency room visits, absentee rates at 
schools and work, pharmacy visits and other Indices 
tors. Possible limitation* for both BioWatch and 
BiosensQ are described in BOX 3, 



specific antibodies has been a traditional method to 
confirm dinical diagnoses. Omen hav* demonstrated 
assays for the rapid detection of aalh It* specific a*tf* 
bodies inpatient sera™, Recently, the FDA approved 
the use of the first commercial assay that detected 
anthrai^pecifk antibodies with high sensitivity and 
specificity; Although these assays arc senrittva fi>j 
aetficti^aim^-specmc siitlDodie* highly biim^ 
niz^ mdhio^ and convalesce 
beefoetJvemrl&xm^togp*^ 
disease. Arnon^f«fitalworl^ 



VpUIMS4(A^KJL20a<l|n| - - 
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"»ta 10 1 Ptoqabwiam tot rapid dbgnoaj* 

COO Incubation DlMBM 



Ittgraerrda 



Marburg 

Bucetofe 

Oanrjora 



A 

A 

A 
A 
A 
A 



B 



8 



B 



dfiSirt" e*££cW S?i5tg> ^35^*° 

A Protocol 2 days 



3- 3day* 1-6 day* 
7-17dsrya 4w**b 
1-21 days >2woeka 

4- 21 ttaye 7-16days 

9-10 days 6-14 day* 

3-60oty* >8we«K&to 

>1ye» 

,10-14 days 7-10 days 



CfiMdDProiocd 54-48 h VbcdUavaxSna 
ddofe* 

Ls*IAfW>d 3 days St^pton ydn, 
gentarrfciri 

UM<D Protocol 1-3 days Si^pon^ccro 
U^APfcrtOod i4-*1daye Pgyc^and 



Qasste^ Protocol Todays 



KMOdaya 2-14 days 
2-edaya 2-21 daya 
18-24 hr 1-12 days 



Si^hctdteaAn, tabu* 
ttCC^ojnternfcei, 



CtestfcalProtrxx* 7-1 4 days TBracyAia. 

daxycycflne 



Viral 



UM*DP»tocol VOcteys &*pc7tacare 
t^lOftotood 1-gdays -Supportta pare 



the highest dose of anthrax spores during the 2001 
anrW attacks, the mean duration between exposure 
andwi^ofdla^w^odj^DWocjetlneiese 
ewe* Would beprlor to the deYeJopment of a robust 
burner*! antibody response, Morao w the need to 
collect paired acute and Convalescent sera could limit 
^uierulne*oftr^ 

^""^^ 

g*» could eiiaMa the early recognition of repeating 
agent* and their vmikttce fectora! 
FwenUalfy, theamplificatk» of variable gene region* 



Ionization mau ^ectrc^etryajHibaaeH^r^ilion 



analy$U of the products could be one approach. This 
approach, cafled triangnkrioti identification tor genetic 
evaluation of risk* (TIGER) 147 , provide* b higMhrougb- 
put multiple detection and identification system for 
nearly til known, n twfy emergen t an d Woengineeied 
agmisinaiiii^i^TrriarapiAro 

ayrtemiiw been need to identity agent* eudia»eevoc 

acutere^tc^rfrndrcaneC^^ 

before their recognition by traditional method*. 

RotetaiKlportabkflyrtemir^ 

the devdopment of dvfflap and military applkationa. 

Bfc^e aritajr epriBer^ 
for carry detection. Hew, single protdnacenus nanome- 
ter-scale pores (such ax anthrax PA) Cm be easily applied 



Bo*2|11i«rt9«ra^ ^iLW^ ^^f**^ detection b 

_ '~ a- reymejOTecaon fimple: aaarytes that either bind to the naaoporc or 

£^«w:^«alhi^ Cfnxaddircn^ it alter the kmlccura 

|™«&*mi»totmW^ tic manner. For example, the reversible bindms of 

^S^^^ 0 '^^^^^^ «>y^umaMckit^ 
^^^ wcrf ^™^^^^P^ chaimdr^currotfticwu^ 
^^^^^^^^^ apectrdeiar^t^ 

J ^^ ma ^^^ t fP^^^^T^ channel was also used to detect and characterize mdi- 

^^nwSeculwtfsln^^ 

ekctiophoreticsilly through the pore**. Thbkttar tech- 
nology was used to detect other ai»u>te»m*olttriotL 



ojrrrfid after eapqeort fie mhektkn enthno 17 "* 1 , 
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Rau*3 1 A^mrtk, of how convener* of ma 
nwoy fatooratory resp ons e nttwtvfc PLfBQ 

^orateteacftPCftr (M-Cogpemttonbatw^ihaao 

taWtea Em fro response proa***. 
a|artmrcon«rmaiiffi of agent type ml ana oi 
datfflfatknfa^ercondgctodftt rational laboratories 



Specifif^H]^ analytes of interest that bind to sites on 
pore-permeimt polynucleotides alter th* ability of the 
DNA to enter and thread through the pore'". These 
apptOdChes can be extended intobiosenringof anthrax 
tttonatpM anKWt5(J.KasUiKJwicsp^ICHaKerso«, 
p«=«^commuDicfltlonJ. 



Box 3 1 gteWteteh and Hjoggg nmftaitr^. 



200li 



During the 



pyiiujexpaido* 
ipttificsidotreme^mftth^ 

There are a imn^o/difermt typo ofbioniai^ 
enbut am of the toon cflhatomrffao&far Identifon* 
higher spedflc and acutely sejurftfre blomarWib 
thnmgfa the use of gene- and prottU^expmfiion-pt^ 
filing technologies The advantage of gei*. 
expreaita^mifleabthatth^ 
monitor gene-exprealoa changes across an entire 
^meinonea^XW^throughpiitaod highly co« 

theaieKta>Akhaiiatechi»to^h» 

est attention is In identifying btottifan for cancer a 

D^mvfhlc&ejipiiiuiuLpionlmghubeeq eccepteel mje. 

pc*mrultc>olfiVVJentif)fu^ for dis- 

^pn>gre$aoa,aiiddliK^natln^ 

mbtypea o f cancer and. in aoin^cwc^Mleitifyinabl^ 

WUhrea^tointakw^ 
£ng of human neutrophils exposed to bacteria reveals 
dramatic changes in cha level of hundred* of mRNA 
•specie* including those for cytokiiies.rec^toi^raein- 
braae- trafficking regulatore and genes involved in 
apoptosiii* More irapor tantfy* expression profiling of 

mKNArexprefirion patterns could be detected on the 
basu of whether theeeS* were exposed to pathogenic or 
ncm-pathogenic bacteria. Other studies of virtu-host 
intcrectfaitfpiaige^rq 

systems studies of oort-pathogen Interaction* how 
idrntio^apedfic host fedora that parhogeu can subvert 
toopttome their repficatkm and fife cycli* 9 **™ 

Recently, gene- expression- profiling technologies 
nave been applied to the Identification of biom*rlc*rs 
fox predicting the toxidty of expound*. The field of 
toxuxjgenomtobMrecerv^m 
conunerdal and academic sectc^beoaiuaof ttecapa- 
trilitytojnxrasfoltyp 

lo drug development research, as ^ttln environ- 
in^ rtude^.Bxisting ex 
and applied to deirdopuigpiedlctrfBmoddsto 
the extent of exposure to a biological agent, disease 
progression and to pre^dlnJwdoutcoines. 

In the future, the creation of a widely available 
humaiK-gene-exprefiSion database of responses id bio- 
logk^lhieai agent* woiM 

the rapid and deck** WemificxraM of esdi a^.— via 
a quick and simple r*Jood test Traditional roethcxls for 
the itotirkation of bWogicdatt^tflbOTlbcu^cm 
identifying me agent totfralhcr titan idenrlrymgbxrt 
response, However, many biological agents, such as 
haemorrhage fever vhu^couMbelnfealouflatleveli 
weD below the limit of detection afrbrdedbyrarrent 
technologies. Because lh* human Innate immune ryv 

tCjn b SU Tpfin*A hMih>HiirMu* ILI.i i 



specific detection system fbrpatiogetw, mmftoring 
changes in host innate response via biomarkera « a 
novel method for iden drying exposure to biowarfere 
agents aiwy early time points, 



NATURg R£VjfiW3| 0~SUb DL5£6v£RY 



VOTAJkB4|XPR)t W 5 | W 
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p« work reviewed in thk maoutcrtpt provides er|- 
Jfcace thai the adentifc continually tonolAirneda 
T,^ ( ? mnttrin 9 but has 

been Mutated by ttodjr n^^fl^^^^^ 

*ddftu«L Ou r «telim^ pr^parcdn^ and respond 
mum ore n at wfflcfant to meet the cfaaltatfteaofa 

a>op««tioiifliid coorijiiado^but^sotoljjeffcctiv* 
det*ti» ortiroito.abck ofdmeH^&^dlagrostje 
methodologies md the dearth of a dear Vision end 

rrcreseirchlnDOiu^dmaplcseKdantfek^ 
Uraet can be easily mitigated with , unified plan of 
by a «otrat e^ty Oroieiog a 



■dmetfmant^Inaddiik^ 

tin emergt from mcdiug dlacovery pipdine, grater 
hmjfremenl&Ofn thepharmae^utMbckiAf wjq be 
re*jiJrco\ II b in accepted fact that the industry ia adopt 
attitoklk^mwttli— • mativrapafy«adeffei5*X 
converting potential aerapfej into approved dru« 
However, incentives will need to be put in placet? 
^cwrBgcthephaimacictttkd 

audio, andthli U whereaunjfytiig bfodefemee 
entity caohaveama|orfadl4at^io^ pro- 
jeaBioshidd b utart, but iieediterfcua kapomneatL 
Tht ability to develop new tharapento, and thdt 
oppwd as drugs thai can be ftni*fcJcaIlrctoc*pEl*d,b 
u^eni. However, new tedwoiomea for detecting the 
release of bk>tt«aagen!*,«Kl 
«peclfic diagnoah of a Mothreat agent thai feu b*en 
uaed. will be needed; tnu ia turn could prevent the 
chaot that wat experienced during anthrax attacks 
of 2001. If we start miking plans today, and unity our 
^Or^fr will be possible to extras 
^^mitwfflcfecth^cur^ 



fcCwiwtoamTnwiiosaai 
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11. 



jwraaatua* an. awa-awy ^ia. 
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32Bi8^aaiafloaa 
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fw^Aa^^^p^ajw^a^ 
aa. s^n^JLaai^RaAt^c^otmo^ 



SSSJggg^*^^ - 

'W-TOBpODa. 

Afli 




38. Sc^^J.J.iBoea^tADTt^r^aatjoi 
55J*Ja*a^rtwRftm«i>!*^ wMBMinam) 

nary 

^ffwo»waBfcipwiB>faaflaajgdto i*agw j 

11898). 
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MdkAtacnei 
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Pentagon employee* couldn't see the gas 
seapifig into their buBdmg, Ihqy couldn't 
taste or smell k. fiat flmtegkaDy placed 
fensonj Immediately picked up the prob- 
lem, precisely tracking the wafting gas. 
Everyone was safe. 

Tte vnu not reality. Thb was Pentagon 
SWeH a Department of Defenw exercise 
. fc* <Prt»g that simulated a biological or. 
chcmteal attack. Research teams released 
sulfur terafluorad©— a harmless gas used b 
airflow teakg^-ewtside the Pentagon inter- 

ajyzen i traced its movement around and Into 
the building, while other sensors recorded 
weather condfta&&, With those data, scien- 
tists are refining a computer model of 
BerusoJized weapon movement 

In a real attack, howw^, unlike a neatly 
defined exercise, its unclear how well actual 
wnson would perform. The Department of 
Homeland Security (DHS) spends more 
ma SfiOxniDion annually on environmental 
detectors thai monitor outdoor air for 
DJoweapona, but many scientist argue that 
■hose ueteetora are faiefiecttva Now, DHS 
pJans to spend at least $32 million more, 
over the next J & months, to develop next- 
flperaflrm sensor technology. 

"THs research has tremendous proro- 
weT Says Penrose Albright, assistant secre- 
tary for science and technology at DHS. 
But scientists remain skeptical that govern- 
ment contractors really can design sensors 
mat quickly, cheaply, and accurately detect 
one of the dozens of bacteria, viruses, or 
toxins that could become aerosolized 
bioweapons(seetaWe> 

Hatardeos history 

Bkfcgcnrflimtm for because just a IraJe can 
pack a big poach. "InrectJous biological 
agenia are on the order of 1000 to 1 rruIHon 



times more hazardous than chemical 
[ageutsV aaya Edward Stueblng, head of 
aerosol sciences at the US. Army Edfcwood 
Otenucnl Biobglcal Center in Edgewood 
Maryland 

Ft* decades, these wo rries woe (he quiet 
domain of U.S. military and national 
weapons labs, funded by the Deparanenl of 
Energy or the Dofcusc Advanced Research 
Pto^ Agency. Researchers at Los Alamos 
Natiorml Laboratory CIA^)mr^ 
co and Lawrence livetrnore National Labo- 
ratory (LLNl) hi California collaborated on 
an early biodetection network, dabbed 
BASIS. That eventually led to the sole 
environmental bioweapou sensor deployed 
nationwide today: BioAVaicb, an aerosol gys- 
tern that works like a vacuum cleaner, susk- 

tides. Although earher BASIS sensors were 
designed only to detect btoweapons during 
5»dffc events, wen as the Olympics, DHS 
has deployed BioWatch sensor to ccntkrual- 
ty rnonjior air » more than 30 major canw 

Despite DHS cWms of a perfect recortl, 
scientists privy to classified essays suggest 
mat the sensors may eapcrierax raise post- 
pvey— miitoVrng normal errvhronnentBl tox- 
ins fbrbiowaapcm Others complain fiat be- 
cause me assay results are classified, they 
have not been evamated by outside 

DHSb Albright characterizes BloWatch 
as a Starting point, a relatively cheap sys- 
tem that can be ungraded with new tech- 
nology, Much of the cost of BioWarcb— 
roughly $60 miDion annually, or $2 million 
per city — is labor, he says: "Today, we col- 
led the BioWatch filter, take it to the lab, 
treat the sample, do an initial screen, and 
men, if we get a hit, take it through an ex- 
tensive battery uf tests." 

DHS wants a faster; sleeker system— ono ' 
thai coiitmuoualy sniffs for bicweapons and 



caubesuxu^treim 

tjvlry, mmima| fobc alarms, and low cost, so 
wo could deploy fc natsauaJryular^ quanta 
ass and expect it to be mahttamed hy, say, 
volunteer fjief j^uanf 

That's a big jump from today's 
BioWatch, But DHSfe external Jmidrag arm, 
trie Homeland Security Advanced Research 
Projects Agency (ItSARPA), thinks It can 
make the leap. The agency recently 
launched its first research posh, aUocattog 
more than S32 imlfioa to 14 oorsMe teams/ 

DHS is rundkg six teams to develop 
high-priority, *detccMo-be*r systems. 
These would be deployed outdoors like 
BloWatch but would identify a Uoweapon 
wiibin just 3'howa, enaMtag doctuis to treat 
exposed civilians. The remaining eight 
teams are doing feasibility studied for 
"detecWo-protccf" systems, for use msido 
critical buildings and in specific outdoor 
spots, to detect a hkweapan within 2'inh> 
utes, m time to warn civilians arnl trigger re- 
sponses in, sax ventilation systems. 

"We are asking everybody to work as 
fast as they earC says Jane Alexander, 
deputy director of HSAREA. "In some ess* 
es> we have told bidders, 'We know weYc 
asking for the sun, the moon, and four 
planets. Ifycnjcanc^givcustworilancts, 
go abend/* With DHS mvcatrneni, aeverai 
sensor prototype probably could be de- 
ployed wrmin months, says 1 PaJrickHteh, 
head of chemical and biological national 
security at LLNL. 

nna-tunbig 

Tb build next-generation sensors, DHS 
hopes to tweak existing prototypes wilh the 
latest technology. Seme sensors win* run 
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(Or in- 
fer 



wnpfc ftfr particles and to identify any 
pathogen*. Fdreamplintmirpartkte 1 to 
10 ttdemooten in rise* a sensor mohidca 
ono (or mare) of ma] technologic. A 
w^om, ft* instance, reck? sir over fliter 
papa to kip particles, as ii the BioWatcn 
wnaor. Alternatively, a wetted cyclone 
dnwj air down a tube Reeled with water, 
which moves wimceturihigaJ fbreotocap- 
hire partfcto. A flUid varies called a y£u 
tuaJ rmpdctor, usos any jets to posh air par- 
ti^ 8 down a tube at high speed, conc*n> 
JPt^J^™ whik diverting excess ait. 
Each di ffcro in nest, sensitivity, speed and 
complexity. 

For the ascend task— isolating and iden- 
tifying bacterial, viral, or toxic particles 
trapped fatft6SMr$jfe — censor systtnn typj- 
cally ran mtnuaioassays, poryinemse chain 
reaottoni (PCR), or mass spectrometry 
screens. Again, tore are fradcoffk. Detect, 
to-protcct technologies are relatively fiat 
and cheap bet often cany higher rates of 

I have eJunmatcd an kinds of technoicW 
like PO^ says Rich. "**™«*iw. 

Ahnongn fikw, the ddect-avtreal sen- 
son often qsd PCS. to glean greater detail 
about a manages* identity, activity, and sua- 
cepUbiUty to varioua 
treatment options. 
Among the DHS- 
mnded teams, st least 
two detect-to-treat 
prototype* an? already 
boing field-toatetL 
Odo is TIGER— f or 
TWanguialion Idostrfi- 
cation foe Genetic 
Evaluation of JU&- - 
developed by Science 
Application Interna- 
tional Corp. m San 
Mcgo, CaEfbrnJa, and 
lMs> a division of Isfe 
Pharmaceuticals in 
Carlsbao\ California, 
TIGBRwDxfcs by sam- 
pling fa ah; extracting nucfeio acids, and 
amplifying those acids with broad-based 
PGR primers mat capture all biological 

me j-uk product tntj a mass spectrometer 
that produces each agents mass and DNA 
1 ^conmositioascifiri^ 
ganlam^ DKA signature with those in a 
touad database, «mfimnr« it? ktemiJ^-^ 
fethocasc of an unknown organism, usmg 



A similar sensor, the Autonomous 

"*ty been fidd-tesied m ihT^tagto^ 
I1C, Metro trans* system and at th?Ssn 
™cfaco and Afeuoaefime airport*, LLM, 
developed tmi sensor and ticented d» tech- 
nology to MkroFl iridic Systems, which 
teadb on e of the DHS-mndcd msearch 

Tab sensor wrioj by s creeni n g ah" part, 
clas wttti hamuno- 
osa^a or FCR analy- 
sis. By multip lexing 

er running multi- 
ple tests Rmiahane- 
onsjy— enAPDSuoit 
can screen for more 
than 100 different 
bacteria or vimsesk 
about an hoar. Net- 
worked season com- 
municate data to a 
remote corafe, often 
via wireless <^m^ y. 
tion, ao ademlsts gef 
monitoring updates 
from a&t APD3 can 
Identify a known bio- 
wraponin 30 minutes 
to 1,5 hoars, Pitch 
say* 

Paster detect-to* 
prefect aensor proto- 
types are also emag- 
ing. One DH3~runae4 



CDC! Ciitep,0i'y list.«n?{ 
;jf Sc Ukj. Agents 

" Jiilo.'CfTr.l 

- Wrol lii-niarihofjc f^ver? 
CATCCOrtV \i 

- iccri ssf-Ky firft&ls {'^Imc-r.-riL^, f tc*f) 



t Niwi focus 

be nfeaont^aDd |kiiA3J/trtoar iIimiii ■ 

system offien lea dotal on pamogevu 
dowvariattodo, 

»" — 

SdH akopdcff question whether DHS* push 
for emriromnepta] deiaetlon li tniagul^d 
i MkrobiologUt Pa«| 
Jackson of LANl sr- 
guca that biosensor 
S research is a eoatfy 
divenion Ouu win 
provide, at bast ft fibe 
sense of security. 
"Bveryhooy has aero- 
sols on die brain," he 
asyi* "frenlfo I dottl 
know that envbootrien* 
tal monitoring; of 
aaroaoli at random — 
Or even m important 



■ Mriioklr.st- 

• ? vi into:;:;. 

• Q lever 

• r<icSrt ioxh 

• S la p hyl oc o ct j 1 1< n I o j u i on i p. fi 

• Typhu-j fcvi-r 

• Vji^l tncnpl al'tis 

• Wtic: Mlety chrp-ars [Vfoffri rhttem, 
Cryptosporidium por vum) 

T _ CATEGORY C 

^ • EiTj«rfjInn infaitiou^ dbOiuw such os 
f 3 Nipah vims Ami hamavirus 



^^T^L^*!^ h8VB bfi ^ toW-tesang Wosenicrs In 
«t» subway syrt«Tis ei^ atrn^ 



takes op to a day. 



leader, Johns Hopkins Unrvendty to Ap- 
plied Physios Laboratory (APL) is Laurel, 
MarylanoVia developing a time-of-flight 
m^speennmeajr mat can, wxflunmmnleSp 
«^ry a bioioc^ agent based fepro^ 
terns or peptide* APLa sensor iiutomsJtcairy 
sucJorn acmspl samples, inhtea men with 
an nftraviofcl EghMbsnrblng chemical, and 
P"fee» the Bgnpka wim UV jjght in a mass 
ftpecftotnehx Based on h^zt scattering and 
mdeoiJar weight, me system ideatifiea key 
proteiiifl^fbuitfm 



tho best approach.^ 

Jackson and oth- 
ers argue that more 
hjodefcase fVmds and 
government gaidaneo 
should go to hospitals 
nationwide for "syn- 
dromic snrvmllarice"* 
or for the qbo of sim- 
ple, reliable blood 
testa and other ding* 
n os tics to detect 
bloweapons, M Tbe 
best sentries wo nave 
are patients who come into [emergency 
rooms] with snspkioas symptoms," Jack- 
son says. If an imtial wave of Woterror vic- 
Ums was diagnosed Quickly, he adds, many 
might be saved—and a nationwide alert 
could brimediatery be bunched. 

The federal government has already 
promised more than $2 billion in bio- 
defcuse funds to tocaJ public health lead- 
ers, and the Centers for Wsease Control 
and Prevention has urged those leaders to 
iovest in syndromic survein^co. Bin k>oit 
etTorts are potchy—and, many say, poorly 
coordinated. 

DHS also encourages syndromic 
surveillance. Bui its detection efforta 
begin in the etoYurmoent, where questions 
fixat emerge. Did an attack actually 
happen? Can it be stopped? How can 
patients be treated? Can buildings be de- 
contaminated? 

Ttedeoffs am likely to continue. Future 
bioterror weapons, scientists say, could in- 
clude genetically engineered pathogens, 
prions, and bioreguiatDts. AH demand new 
sensors— and cucstioni, 

HCftTHmB&UWN 
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